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Ketene acetáis, R1R?C=C(OR)2 belong to the general class of electron-r ich ole-
f i ns . These are olef ins in which the electron density of the double bond is 
increased by one or more electron-donating substituents at the double bond 
(e.g. -0R,-NR2). Electron-r ich olef ins are nucleophiles, what can be repre-
sented by the canonical structures given in Fig 1, and the nucleophi l ic i ty 
of these compounds depends on the amount and the character of the subst i tu-
ents' »2 »3,4,5, 
Fig 1 
\ ; 5 R \ f i //5R \ / ^ \ 7R2 Y=c —-- c-c7 : c-c - — c-c; 
/ \ / \ / \ / \ 
The nucleophilic reactivity of ketene acetáis lies in between that of the 
enolethers3, having only one alkoxy group and enamines1»6 having at least 
one amino group at the double bond. 
Although the first preparation of a ketene acetal was already reported in the 
previous century', it took about 50 years before the chemistry of this type 
of compounds came to development. The main cause of this long time-interval 
has certainly been the absence of a general and incontestable procedure for 
the preparation of ketene acetáis. The nature of the product of the first 
'preparation' was still questioned8 by Cope in 1935 and several claims to 
their synthesis in previous years9»10 could not be reproduced by other au-
thors11. McElvains general preparation of ketene acetáis in 193612, by the 
elimination of HX from a-halogenated acetáis, has led, however, to an ener-
getic exploration of the chemistry of these compounds. 
During about 15 years the chemistry of these compounds has been studied 
mainly by McElvain and coworkers, and in 1949 the first review article was 
published13. 
An important reactivity of the electron-rich alkenes is their ability to par-
7 
t i c ipate in cycloadditions with electron-poor double bond or conjugated doub-
le bond systems, and also with 1,3-dipoles. 
In the last decades a variety of four , f i ve and six membered cycl ic com-
pounds have been synthesized in this way from ketene acetáis3>h>5. 
McElvain was the f i r s t who showed that simple ketene acetáis H2C=C(0R)2 
reacted with the very electron-poor maleic anhydride to (l+2)-cycloadducts11*. 
This type of cycloadditions was applicated by Brassard l s and Cameron16 in 
the synthesis of polycyclic systems; see e.g. Scheme 1. 
Schzme. / 
ri:CI,H; rf:CI,H. 
The same ketene acetal yielded cyclobutane derivatives in reaction with ο,β-
unsaturated esters or nitriles17. These cyclobutanes have been further used 
by Amice for the synthesis of cyclobutanes according to Scheme 2. 
Scheme I 
EtO 
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Y: COOEt, CN. 
R. Scarpati zt al18 published a number of a r t i c l e s on cycloadditions of 
ketene acetáis with 1,3-dipolar compounds containing one or more hetero 
atoms (Scheme 3). 
McElvain19 demonstrated also that the cycloaddition of H2C=C(0Et)2 with 
α,β-unsaturated carbonyl compounds, yielded 2,2-dialkoxy-3,4-dihydropyrans 
according to Scheme 4. 
Applications of this method have been given by Bélanger and Brassard20 in 
3 
Schemi 3 
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the syntheses of 2H-pyran and 2H-pyrone derivatives from ClCH=C(0Me)? and 
cXóoid α,Β-unsaturated carbonyl compounds (Scheme 5); 2-pyran and 2-pyrone 
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A review about the chemistry of ketene acetáis up to 1970 was published by 
Swenton22. 
Though photochemical cycloadditions of ketene acetáis and electron-poor π-
systems (e.g. with carbonyl compounds, often referred to as the Paterno-Buchi 
reaction) are possible, they w i l l not be discussed in th is t h e s i s 2 3 . These re­
actions proceed via the excited state and have another s tereoselect iv i ty . 
After Hoffmann et al5>24 had published a f i r s t exploration of the chemistry 
of the very electron-r ich tetramethoxyethene and had demonstrated i t s u t i l i t y 
in various cycloaddit ions, a iyite.me.tic invest igat ion into the synthetic pos­
s i b i l i t i e s of the cycloadditions of tetra-alkoxyethenes with electron-poor 
olef ins and α,β-unsaturated carbonyl compounds was started in the Laboratory 
of Organic Chemistry of the K.U. Nijmegen. An important impetus of th is 
study was the development of a simple synthesis of tetra-alkoxyethenes 2 5 , 
which allowed the preparation of large quantit ies of these compounds accord­




4 * - HC(OR )2(0-@>-CI) • R O H / 
J 
Να H 
H/* (RO)2C=C(OR)2 + 2 N a 0 { O ) c i 
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The cyclobutanes obtained from the (2+2)cycloadditions of tetra-alkoxyethene 
and 1,1-dicyanostyrenes as performed by Ooms et al26 appeared to be valuable 
precursors for the synthesis of ketals of a-keto esters (19), tetramethoxy-
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Further investigations into cycloadditions of other ketene acetáis, MeCH= 
C(0Me)2 and Me2C=C(0Me)2 were again stimulated by the development of simple 
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-30°C R=H:21 
R=Me: 22 
The scope of the (2+2)- and (4+2)-cycloadditions of these compounds could be 
strongly extended by the use of the Lewis catalyst ZnCl2. In the presence of 
this catalyst the polymerization of the ketene acetáis remains re la t ive ly 
slow27 , but simple electron-poor alkenes having only one electron withdraw-
ing substituent can readi ly be converted into cyclobutane derivatives under 
6 
these circumstances. 
This appeared especially useful in the cycloadditions with carbonyl com­
pounds. Ooms oX аі2 е had shown that carbonyl compounds containing at least 
one electron withdrawing group at the carbonyl function react with ketene 













In the presence of ZnCl2 a l l kinds of aldehydes and even several ketones 
could be transformed in th is way2 7. 
Schanz 10 
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The s t a b i l i t y of the (2+2)-cycloadducts of ketene acetáis R1R2-C=C(0Me)2 de-
pends on the substituents in the ketene acetáis. Stable cyclobutanes or oxe-
tanes are always obtained when ketene acetáis with a symmetrical π-electron 
d i s t r i b u t i o n are used (e.g. R1=R2=OMe), whereas unstable four membered r ing 
compounds or open products derived from dipolar intermediates are obtained 
from ketene acetáis with an unsymmetrical π-electron d i s t r i b u t i o n ( R ^ R ^ H ; 
R^H, R2=C1). Because these effects play also a role in the cycloadditions 
described in this thesis the mechanism of the (2+2)-cycloadditions of ketene 
acetáis w i l l be short ly discussed. 
7 
The generally accepted mechanism28 for the cycloadditions of electron-rich 
and electron-poor olefins is given in Scheme 11 in which D is an electron-
donating and A an electron-accepting substituent. 





An essential feature is the occurrence of a cXioid dipolar intermediate sep-
arated from the reactants and products by energy barriers of nearly equal 
height2 9 . 
The main investigations to support his mechanism have been carried out with 
enolethers and tetracyanoethene (TCNE). The occurrence of the intermediate 
is substantiated by trapping experiments, large solvent effects and the sign 
and the magnitude of act ivat ion entropies and act ivat ion volume30. 
Results obtained in our laboratory with the cycloadditions of ketene 
acetáis R1R2C=C(0Me)2 and 1,1-dicyanostyrene seem not to f i t into the gener-
al scheme28. Generally only small solvent effects are found in these cyclo-
addit ions: kacetonitr i le/kdioxane <20. These can be ascribed to the stronger 
po lar i ty of the s tar t ing compounds together with an ear l ie r t ransi t ion state. 
I t remains to be explained, however, why trapping experiments in aqueous 
solvents are without any resul t in cycloadditions of (Me0)2C=C(0Me)2, 
(Me0)CH=C(0Me)2 and Me2C=C(0Me)2. 
The s t a b i l i t y of the products of these (2+2)-cycloadditions depends on the 
τι-bond s t a b i l i t y of the ketene acetáis whereas the rate depends much more on 
the TT-electron d i s t r i bu t i on . Tetramethoxyethene having the highest H0M0-
energy31>32>33 but a symmetrical π-electron d i s t r i b u t i o n has the lowest re­
a c t i v i t y but delivers the most stable cyclobutanes. 
Another interest ing asoect observed in (2+2)-cycloaddi tions of ketene acetáis 












in the cycloadditions with aldehydes R-CHO. Under k inet ic circumstances f o r ­
mation of the oxetane with R1 and R in слл posit ion is preferred. These re­
sults have been explained by supposing a gradual var iat ion of the reaction 
mechanism in going from unsymmetrically substituted ketene acetáis to ketene 
acetáis having a symmetrical π-electron d i s t r i b u t i o n 2 8 . The same var iat ion 
in mechanism must be expected in cycloadditions with electron-poor olef ins as 
well as in the acid catalyzed cycloadditions of ketene acetáis with carbonyl 
compounds. 
According to the Frontier Orbital Theory two l im i t i ng geometries of ad-
dend approach78»31>32>33 can be supposed to occur in reactions of electron-
r ich alkenes with electron-poor systems having the higher LUMO-coefficient 
on the ß-carbon atom. These two geometries have been represented in Fig 2. 
for the interact ion of ketene acetáis with aldehydes RCHO. 
Mfl 2 











Limiting geometries for approach of 'unsymmetrical' ketene acetáis (a) and 
'symmetrical' ketene acetáis (b) in cycloadditions with aldehydes R3CH(0) 
and ketones R3CR4(0). 
In accordance with this supposition the cycloadditions of the unsymmetrical 
ketene acetal MeCH=C(0Me)2 with aldehydes RCHO leads under 'kinetic' circum-
stances tocXó oxetanes as main products31* as illustrated in Scheme 12. 
9 
Schemi 72 
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In the ілсшлоіа approach the Me- and R-group (R^H) w i l l be as far as possible 
from each other. 
This thesis deals with the acid catalyzed cycloadditions of ketene acetáis 
with conjugated carbonyl compounds. In a (2+2)-cycloaddition the conjugated 
carbonyl compound can par t ic ipate ei ther with e¿6 carbonyl group or with the 
o le f in i c bond whereas the whole conjugated system can react in a (4+2)-cyclo-
addi t ion. An important aim of our study was to establish the structural fac-
tors in the ketene acetáis and in the conjugated carbonyl compounds,which 
determine the se lec t i v i t y in these cycloaddit ions. A second aim was to show 
the u t i l i t y of the products as precursors in fur ther syntheses. 
In Chapter I I the acid-catalyzed cycloadditions of a series of ketene 
acetáis with a series of a,g-unsaturated carbonyl compounds has been studied. 
In Chapter I I I the cycloadditions of two selected ketene acetáis, the sym-
metrical (MeO)2C=C(OMe)2 and the unsymmetrical MeCH=C(0Me)? have been i n -
to 
vestigated with a series of a-diketones. The hydrolysis of some mono- and 
bis (2+2)-adducts has been studied as a possible route to γ-lactones and bis 
γ-lactones. 
In Chapter IV, the reactions of the same ketene acetáis with a series of 
ß,ß-dicyano-a,ß-unsaturated carbonyl compounds is discussed. The competing 
ef fect of the C(CN)2 group and oxygen on the s i te se lec t i v i t y in (2+2)-cyclo-
additions and the reg iose lect iv i ty in (4+2)-cycloadditions have been studied. 
Chapter V deals with the reactions of ketene acetáis with epoxides; the 
epoxide function can be taken as homolog of the carbonyl group. Analogous 
reactions as with carbonyl compounds appear to lead to tetrahydrofuran de-
r iva t ives . 
The Chapters VI and VII deal with the chemistry of the 2,2-dialkoxy-3,4-
dihydropyrans prepared in Chapter I I . 
In Chapter VI the 2,2-dimethoxy-3,4-dihydropyrans are converted into 
cycl ic ketene acetáis, which have been further studied in cycloadditions 
with electron-poor o le f ins . 
Chapter VII deals with hydrolysis and methanolysis reactions of 2 ,2-d i -
methoxy-3,4-di hydropyrans. 
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Chapter II 
ZnCl?-CATALVZEV CyCLOAWlTJONS BETWEEN KETENE ACETALS 
AMP α,β-UNSATURATED CARBON/L COMPOUNDS. 
A SIMPLE ROUTE TO 2,2-OULKOXV-3,4-OlHVOROPVWiS* 
C.G. Bakker, J.W. Scheerenand R.J.F. Nivard 
Reel. Trav. Chim. Pays Bas 100, 13 (1981) 
Considered as Part II in the series: Chemistry of Ketene Acetáis. 
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Chapter II 
2nCl?-CATALV2EV CVCLOAWITIONS BETWEEN KETENE ACETALS 
AMP α,В-UNSATURATED CARBOHVL COMPOUNDS. 
A SIMPLE ROUTE TO г,2- ІАІК0Х. -3,4- Ш Р.0РУР.АЫ5, 
Recent l i t e r a t u r e presents several synthetic procedures1, in which 2,2-di-
alkoxy-3,4-dihydropyrans (3) are used as s t a r t i n g compounds. The same com­
pounds have also been used in mechanistic studies 2 . Meerwein has given3 a 
useful method for the preparation of mixed orthoesters, but application of 
th is method to the synthesis of cijuLÎc orthoesters such as 3 requires ci-
di hydropyrones, which are not generally accessible via simple methods. 
Cycloadditions according to Scheme 1 could provide another method for the 
synthesis of 3, as has been demonstrated in reactions of 1,1-diethoxyethene1* ( 1 , 
R^R^H, R=Et) and 1,1-dialkoxy-2-chloroethenes5 ( 1 , RX=C1, R2=H) with sev-
eral α,β-unsaturated carbonyl compounds (2). These conversions required, how-
Scheme 1 
R, OR 
c = c 
Ъг ^ OR 
Rsv. ^ R < 
н" 4 = 0 
R* R3 
HRíTÍ^OR 
'R 2 OR 
ever, rather high temperatures (>100 °C) together with long reaction times, and 
the yields were mostly below 50%. With more substituted keteneacetáis and less 
reactive α,ß-unsaturated carbonyl compounds i t might be expected that the yields 
would detoriate or the reaction completely f a i l (compare ref . 6). 
In previous investigations on cycloadditions of ketene acetáis we have 
found that these olef ins react under much milder conditions with aldehydes 
or ketones7»8 and with acry l ic esters9 , to oxetanes and cyclobutanes, re-
spect ively, when a small amount of zinc chloride is used as a catalyst . 
Ketene acetáis appeared to be re la t i ve ly stable against d i - and polymeriza-
t ion in the presence of th is Lewis ac id, so that sat isfactory yields could be 
obtained in these (2+2)-cycloadditions. With these results in mind, we stud-
16 
ied the reaction between ketene acetáis and several α,Β-unsaturated carbonyl 
compounds in the presence of ZnCl2» as a possible method for the preparation 
of 2,2-dialkoxy-dihydropyrans. 
A priori, reactions between 1 and 2 with ZnCl2 as a catalyst could lead to 
three types of cycloaddition products viz. dihydropyrans (3) via [4+2] , to­
gether with oxetanes (4) and cyclobutanes (5) vla (2+2)-cycloaddition 
(Scheme 2). In this study the influence of structural factors and the effect 
of temperature on the course of the reaction is elucidated. 
Scheme. í 
OR v. s 
C = C 
' 1 "OR 
c=c 






-C = 0 
RESULTS 
In Table I the ketene acetáis used (la-e) have been arranged horizontally 
according to their decreasing electron density and electron polariza-
tion. The unsubstituted ketene acetal (R1=R2=H) has not been included, be-
cause a previous study7 of its reactivity towards simple aldehydes in the 
presence of ZnCl2 revealed that always rather complex reaction mixtures arise 
from this compound. In vertical direction the α,β-unsaturated carbonyl com­
pounds used in this study have been tabulated, the aldehydes (2a-d) prior to 
the ketones (2e-g). All products isolated from reactions between these com­
pounds have been mentioned in the Table. 
г/ 
Table. I Pfwducti ¿bolattd {¡кот А.гасІіопі bzJMzzn kztzne. асгЛаІл Πα-e) and 
and a,e,-uniatuAat2.d canbonyl compounds (ΐα-g); 3=dihyd>wpyfian, 4= 
океЛапе., 5=cyclobutane, (¿ее Scheme 2) 
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We found that in nearly all reactions studied dihydropyrans (3) could be ob-
tained, when solutions of 1 and 2 in acetonitrile, one of them containing 
0.5-2 mol % ZnCl2. were mixed at 60° and left at this temperature for some 
time. When the reactions were performed at low temperature (-20 °C),with 
longer reaction times, oxetanes (4) instead of 3 appeared to be formed. 
In general, the oxetanes were rather unstable; on heating (10-50°), espec-
ially in the presence of ZnCl2 they decomposed into the starting compounds 1 
and 2, which could be distilled at reduced pressure. In most of the reactions 
with 2a and 2b the oxetanescould be isolated by neutralization of the Lewis 
acid with triethylamine at low temperature, precipitation of the salt with 
pentane, and evaporation of all volatile compounds from the reaction mixture 
¿n vacuo7. Samples thus obtained were sufficiently pure (>90%) for identifi-
cation by NMR. In general, the stability of the oxetanes from 2a and 2b de-
18 
creased from left to right across Table I: the oxetanes from the reactions be­
tween 2b, 2c and la appeared to be sufficiently stable for distillation under 
reduced pressure (80-100 °C). Decomposition was only observed above 120° and 
led to complete polymerization. This explains why 3 could not be obtained 
from these reaction mixtures. In cycloadditions with 2d-2g we did not succeed 
in isolating an oxetane (4); 3 was the only product obtained in these reactions. 
The reactions of la with 2a and 2e at low temperature (<-20 °C) did not yield 
oxetane(4), but gave mixtures of a cyclobutane (5) and a dihydropyran (3). 
The cyclobutanes could be separated from the reaction mixtures by neutraliza­
tion of the catalyst at -20 °C fol lowed by HPLC at room temperature. In this way 5 
was obtained in 40-50% yield together with the corresponding (4+2)-adduct (3). 
The pure cyclobutanes were easily and quantitatively converted into dihydro-
pyrans when ZnCl? was added at room temperature. Formation of the starting 
compounds 1 and 2 during this transformation could not be detected by NMR. 
When the cycloadditions between la and 2a or 2e were performed at higher 
temperature (80 °C) 3 was obtained as the only product. 
It deserves attention that cyclobutanes (5) are the only cycloaddition 
products in reactions between la or Id and acrylic esters (2, R3=0Alk, Rl' = 
R 5=H) 9. Acryloyl chloride (2, R3=C1, R4=R5=H) gave a similar result with la, 
but its reaction with Id led to a complex mixture, the NMR spectrum of which 
indicated the presence of the (4+2)-cycloadduct (3, R*=Me, R3=C1, R2=Rit = R^=H) 
(s 4.0-4.5, m, IH, characteristic for HC=C-0 in dimethoxy-dihydropyrans). 
The reactions of le with 2b and 2c also gave complex reaction mixtures. In 
the reaction with cinnamaldehyde (2c) the mixture could partially separated, 
and an impure product was obtained, which was identified by NMR and mass 
spectroscopy as the 1:2 adduct 6a. An analogous product 6b was obtained from 
benzaldehyde 2b and le. Reaction of le with 2e in the presence of ZnCl? gave, 
however, 3. A similar result was obtained previously5 in the uncatalyzed re­
action. 
Ph H 
H ^ C = W 0 C H 3 °
 0СНз 
H M T l 0 C H 3 Ph^f ГОСН3 




Insight into mechanistic details of cycloaddition reactions can be obtained 
by application of the Frontier Orbital theory10"12 which uses the main inter-
action between the HOMO's and LUMO's of the reactants as a simple but useful 
method for describing the course of these reactions. In our case this main 
interaction concerns the overlap between the HOMO of the ketene acetal (1) 
and the LUMO of the carbonyl compound (2), since the energy gap between 
these MO's is the smaller one10; the energy of the HOMO of 1 is as high as a 
consequence of the donating methoxy substituents, the LUMO of 2 is lowered by 
complexation with the catalyst. The effect of ZnCl2, which will be comparable 
to that of protonation11, does not only lead to lowering of the energy of the 
LUMO (and HOMO) of 2, but also causes an increase of the LUMO coefficients at 
the carbonyl carbon atom, to a far greater extent than at Cß. This explains 
the general tendency for oxetane formation, which is observed at low temperature. 
In the rerversible oxetane formation bond formation at the carbonyl carbon 
of 2 will occur much faster than at the carbonyl oxygen, such that the reaction 
proceeds v¿a strongly polar intermediate states (Scheme 3), probably v¿a a 
dipolar intermediate (7). Bond formation at Cg, leading to a (4+2)-cycloaddi-
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dimer, po lymers 
2 Q 
served at higher temperature. This formation of a more stable six-membered 
ring compound, also catalyzed by ZnCl2, has a more concerted character. 
The preference for the formation of an oxetane as the k ine t i ca l l y determined 
product is mos t e l early demonstrated in the reactions witha,ß-unsaturated atdz-
iujdoM without a substituent at (^ (R^H) . This is understandable because these com-
pounds (2a-c) only occur ina tAan&oid conformation, which is an addit ional handi-
cap to (4+2)-cycloaddit ion. In thea,g-unsaturated kztonu (2e-g) and also in the 
aldehyde 2d cXòoid and ілаяьола conformations are in equi l ibrium to a greater ex­
tend. This favours the (4+2)-cycloaddition re lat ive to the oxetane formation. In 
2g the methoxy substituent at С raises the LUMO energy, thus lowering the react iv­
i t y of this compound. The substituent al so enlarges the LUMO c o e f f i c i e n t at th is 
carbon atom; 3might be the k i n e t i c a l l y determined product in th is case. 
In reactions of acry l ic esters (R =0R) with ketene acetáis neither an 
oxetane nor a dihydropyran is iso lated. Both reactions imply bond formation at 
the carbonyl oxygen and should be accompanied by loss of conjugation in the 
ester funct ion, which w i l l lower the s t a b i l i t y of such products. Addition of 
the ketene acetal occurs at the o le f i n i с bond and leads to a cyclobutane 
der ivat ive, which w i l l be thermodynamically more stable. 
A similar cyclobutane formation was also observed in the reactions of 2a 
and 2e with la . We tend to ascribe these results to the special natureof the 
dipolar intermediate in (2+2)-cycloadditions of th is symmetrically s u b s t i t u t ­
ed ketene acetal la . In the oxetane formation from less symmetric ketene ace­
táis the intermediates arises from lj? + I A overlap (7a); in reactions with 
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Along this pathway serious crowding should occur, however, especially in re­
actions with α,β-unsaturated ketones (R3^H). In such cases formation of an 
adduct via bonding at C„ (7c; Scheme 4) is preferred, at least when C„ is un-
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(R5¿H) this preference is not observed. Apparently 7c is an intermediate 
state in the formation of a (2+2) as well as a (4+2)-adduct in these reac-
tions; at low temperature a mixture of 5 and 3 is obtained and the conversion 
of the less stable cyclobutane derivative 5 into a dihydropyran (3) does not 
seem to occur via complete decomposition of 5 into the starting compounds 1 
and 2. Due to the low LUMO coefficient on oxygen in 2 three-center inter-
action is more favourable than four-center interaction, even in (4+2)-cyclo-
additions, with the symmetrical tetramethoxyethylene. 
The special behaviour of the ketene acetal le must be connected with its 
high polarization, which appears from the di pol e moments given in Table II. 
It can be expected that the transition state in the cycloadditions of the 
ketene acetáis used, gradually varies from 7b to 7a in going from la to le. 
Ketene acetáis like le with largely different orbital coefficients at the 
olefinic carbon atoms and a high net polarization,give rise to a transition 
state which is close to a dipolar intermediate with high charge densities at 
2 2 
Tabto. 11 Vipolt momnviti (μ) o{¡ keXmt ac&tati ¿η &Ьуг avviti, 
Η OR 














the dimethoxymethylene carbon and oxygen atoms. They can be trapped by another 
molecule of the carbonyl compound, but this formation of a l:2-adduct is ap­
parently not the only reaction, as rather complex reaction mixtures are ob­
tained. It is not completely clear why in the reactions of le with 2a or 2e 
this deviating behaviour is less apparent; in both reactions the normal di-
hydropyran derivative is obtained in good yield at higher temperature. 
A more complex reactivity as observed for le in this investigation has 
previously been found in our study7 of cycloadditions of ketene acetáis with 
simple carbonyl compounds in the presence of ZnCl2. Also in that case the 
most polar ketene acetal of the series used (la,b,d and H2C=C(0Me)2) v¿z. di-
methoxyethene, did not yield the expected oxetane but gave a complex reaction 
mixture. 
EXPERIMENTAL 
Melting points are uncorrected. IR spectra were recorded on a Perkin Elmer 
297 spectrophotometer. lH NMR spectra were measured with a Varían T60 and a 
Bruker 90Mc spectrometer in CCli, or CDC13 solution and with tetramethylsilane 
(6=0) as an internal standard. Mass spectra were obtained using a double fo-
cussing Varian Associates 5M1-B spectrometer. HPLC on preparative scale was 
carried out on a Miniprep L.C. Jobin Yvon apparatus. 
The α,β-unsaturated carbonyl compounds 2a,b,c,e and g are commercially a-
vailable. 2f was prepared according to Gras11* using paraformaldehyde instead 
of trioxane; 2d was obtained according to Fischer15. 
Tetramethoxyethene16 (la), 1,l-dimethoxy-2-methylpropene7 (le) and 1,1-di-
methoxypropene7 (Id) were prepared according to the literature. 
23 
1,1,2-tA¿r№thuxyeXke.nz ( lb) was obtained from methoxyacetonitrile via the 
•¡minoester hydrochloride and 1,1,1,2-tetramethoxyethene as described for the 
corresponding tr iethoxyethene17 . Chi о rome thy 1 methyl ether ( lmole,80.5 g) 
and cuprous cyanide (1 mole, 89.5 g) were mixed and refluxed with s t i r r i n g f o r 
three hours. D i s t i l l a t i o n gave methoxymethyl cyanide (80%, b.p. 120 C). The 
product (2.6 moles, 195 ml) was dissolved in a mixture of dry methanol (170 
ml) and ether (390 ml) and cooled to 0 °C. Dry hydrogen chloride (600 ml/min) 
was passed through the solut ion for two hours, and af ter addition of more dry 
ether the mixture was kept at 0-5° for three days. The iminoester hydrochlor­
ide was f i l t e r e d , washed with co ld, dry ether, saturated with ammonia, and 
dried in vacuo at 0°. 
The product (1 mole) was added to a mixture of dry methanol (10 moles) and 
pentane (1000 ml) and s t i r r e d for three days at room temperature. The ammo­
nium chloride was f i l t e r e d , the f i l t r a t e concentrated in vacuo and again sup­
pl ied with pentane, a f t e r which the newly formed precip i tate was f i l t e r e d a-
gain. The procedure was repeated u n t i l no more precipi tate was formed. Then 
the residue was d i s t i l l e d , giving 1,1,1,2-tetramethoxyethene (65%, b.p.42°C/ 
12 mmHg). The product (0.5 mole, 75 g) was added dropwise to aluminium tcnX.. 
butoxide (0.6 mole, 47.5 g) at 170-180°, and the mixture was refluxed for 4 
hours. Part of the ¿ел£. butanol formed was d i s t i l l e d , the mixture was cooled 
down to 50 °C, and d i s t i l l a t i o n was continued at low pressure (12 mmHg). The 
product was red i s t i l l ed with a spinning band column; b.p. 37 °C/12 mmHg; 
y ie ld 40%. NMR (CC14): 63.42 (s , 6H); 3.61 (s , 3H); 5.23 (s , IH). 
1-dnloh.o-],]-<Lim<Lthox.L)Q±htLnQ. was prepared from 2-chlorovinyl methyl ether via 
l , l -dichloro-l ,2-dimethoxyethene by modif ication of the preparation of the 
corresponding diethoxy compound18. 
a. Chloroacetaldehyde dimethyl acetal was decomposed by heatingwith potas-
sium pyrosulfate1 9 in a round bottom, which was provided with aVigreux column 
(150x2 cm), pretreated with tr iethylamine in ether. The mixture of 2-chloro-
vinyl methyl ether and methanol, which evaporated, was collected in a receiv-
er containing 5% aqueous sodium carbonate so lut ion. The organic layer was 
separated, washed four times with 3% sodium hydroxide so lu t ion , dried over 
Na2S04/Na2C03, and then d i s t i l l e d . 
2-chlorwvinyl m&thyl cthe.fi (y ie ld 80-85%, b.p. 78-79°) was obtained as a mix-
ture of ciò and Ыапі isomers. NMR (CC1J: ¿3.53 (s , 3H); 5.37 and 6.60 (AB, 
2H, J= l l Hz) [txani); 3.68 (s , 3H) ; 5.00 (d , IH, J=4 Hz) ' 6.13 (d , IH, J=4 Hz) Ісіл). 
2k 
b. The previous product ( lmole,92.5 g) was added to a solut ion of sodium 
methoxide (54 g) in methanol (128 g ) , which was cooled in dry ice/acetone. 
Chlorine was passed through the solut ion at -80 °C. The mixture was poured 
into a cold, concentrated sodium carbonate solution (500 m l ) , and the organic 
layer was separated and dried (Na2S0iJ. 
/, 1-diMow -1, 2-dimeXhoxtje.the ne. was d i s t i l l e d ; y i e l d 70%; b.p. 161-162°; NMR 
(CCI,,): 63.42 ( s , 6H); 4.33 ( d , IH, J=6Hz); 5.44 ( d , IH, J=6Hz). 
e. 7,1-dichloh.o-2,2-dimeXhoxy ethane (0.5 mole, 60 g) was added to a solu­
t ion of potassium tuut. butoxide (0.6 moles, 68 g) in te.At. butanol (500 ml). 
Tent, butanol was evaporated by d i s t i l l a t i o n through a Vigreux column (100x2 
cm), after which 2-chlon.o-l ,1-dirmthoxyeXhene was d i s t i l l e d from the residue, 
eventually at reduced pressure (60-80 mmHg). Yield 65%; b.p. 140-141°/730 
mmHg; NMR (СС1
Ц
): S3.60 ( s , ЗН); 3.68 ( s , ЗН); 4.79 ( s , IH). 
Ge.nen.al pioceduAe {¡on. the. pnepanatlon o{¡ 2,2-аітеЛкоху-Ъ ,A-áihydKopyna.nt¡ (3) 
An α,β-unsaturated carbonyl compound (2, 125 mmoles) dissolved in aceton-
i t r i l e (25 ml) was added to a heated solution (60-80°) of a ketene acetal ( 1 , 
100 mmoles) in the same solvent (25 ml) , containing 0.5-2 mol % ZnCl2. The 
mixture was heated at the temperature and for the time given in Table I I I 
(procedure a). In reactions with ketene acetáis, which quickly polymerize in 
the presence of ZnCl2, a ketene acetal solution was added to a solut ion of 
the carbonyl compound, containing the catalyst (procedure b) . 
For work up the reaction mixture was cooled to room temperature, t r i e t h y l -
amine (1 ml) was added, and the mixture was concentrated in vacuo. On addi-
t ion of pentane (50 ml) the product 3 dissolved, but the catalyst p rec ip i ta t -
ed as a zinc chlor ide-tr iethylamine complex, which was f i l t e r e d . The f i l t r a t e 
was d i s t i l l e d under reduced pressure. Yields and physical data are given in 
Table I I I . 
Pn.oce.duAi {¡on. the pn.e.panrut¿on o¿ 2,І-аітеЛкохуохеЛапел (4) 
Similar solutions as used in the previous procedure were cooled to -50 °C, 
then mixed and l e f t for 24 hours at -20 °C. The reaction mixture was supplied 
with t r i ethyl ami ne. Oxetanes which are stable at room temperature were obtain­
ed with a pur i ty between 80 and 90% (NMR) by prec ip i ta t ion of the catalyst by 
addition of pentane7 and evaporation of the solvents in vacuo. They were 
i d e n t i f i e d by mass spectroscopy (molecular ion equal to calculated molecular 
weight within 0.003 mass u n i t s ) . Yields and NMR data (CCI,,) of the v i n y l i c 
25 
and characteristic Н-С-0-ring protons are given below. In one case: (R1=R2= 
OCH3, R 5=CH 3), the product could be distilled at low pressure. 
4 (R 1 =CH 3; R 2 = R 3 = R 4 = R 5 = H ) _ Y i e l d ^75%. vinyl i c-H: 5.40-5.60 (m, 3H); R
3
=H: 
3.90-4.15 (m, IH). 
4 ( R ^ R 5 ^ ; R ^ R M ^ H ) . Yield %80%; v i n y l i c - H : 5.40-5.60 (m, 2H); R3=H: 
3.95-4.15 (m, IH). 
4 ( R ^ R 2 ^ ; R3=Rl*=R5=H). Yield %80%; v i n y l i c - H : 5.40-5.60 (m, 3H); R3=H: 
3.90-4.15 (m, IH). 
4 ( R U R 2
= R 5 = C H 3 ; R3 = R 4 = H ) . Y i e l d ^85%; v i n y l i c - H : 5.45-5.65 (m, 2H); R3=H: 
4.00-4.20 (m, IH). 
4 (R^OMe; R2=R3=R4=R5=H). Yield ^70%; v i n y l i c - H : 5.40-5.70 (m, 3H); R3=H: 
4.00-4.30 (m, IH). 
4 (R!=0Me; R5=CH3, R ^ R ^ R ^ H ) . Yield %80%; v i n y l i c : 5.40-5.70 (m, 2H); R3=H: 
4.00-4.30 (m, IH). 
4 (R!=R2=0Me; R3=R4=H; R5=CH3). Yield 45-60% a f t e r d i s t i l l a t i o n ; b.p. 94-95°C/ 
0.5 mmHg; NMR (СС14): 1.70-1.80 (R5, m, ЗН); 3.34 (R1, s, ЗН); 3.36 (R2, s, 
3H); 3.45 (OMe, s, 6H); 4.61 (R3, d, IH, J=7Hz); 5.75-5.95 (m, 2H, v i n y l ) . 
1,1,2,2-tt&ume£hoxycycl.obuta.ní (5) 
The procedure given for the preparation of oxetanes yielded mixtures of a 
cyclobutane (5) and a dihydropyran derivative (3) in the reactions between la 
and 2a or 2d. After removal of the catalyst as described, the mixtures could 
be separated by HPLC on silicagel using diisopropyl ether/hexane (1:1) as the 
eluent. In the mass spectra of the products strong peaks for M+, M-15, M-30, 
and for the products from a retro reaction were observed. The IR spectra 
showed strong carbonyl absorptions (1750-1770 cm" 1). 
5: (R1=R2=0Me; R3=R"=R5=H). Yield 40-50%; NMR (CCIJ: 2.20-2.60 (m, 2H); 
2.65-3.00 (m, IH); 3.15-3.40 (s, 12H, 4 OMe); 9.49 (d, J=4Hz, HC=0). 
5: (R'=R2=0Me; R3=CH3; R"=R5=H). Yield 40-50%; NMR (CCI4) : 2.12 (s, ЗН, 
acetyl); 2.30-2.80 (m, 2H); 3.00-3.50 (m, IH); 3.14,3.24,3.29,3.47 (4s, 12H, 
OMe). 
liolatlon o{¡ the. 1,3-dU.ox.ane. denlvoutiveM (6) 
Application of the procedure, given for the preparation of dimethoxy-di-
hydropyrans, to le and 2c, yielded mainly 5-chloro-6,6-dimethoxy-2,4-distyr-
y l - l ,3 -d ioxane. Itwas isolated af ter a reaction time of half an hour accord-
ing to the method previously described. The crude product was pur i f ied by 
26 
chromatography on a silica column with toluene as the solvent, but the prod­
uct thus obtained appeared not to be completely pure. The compoundwas identi­
fied by mass spectroscopy (m/e: 386/388 (7%), 354/356 (6%), 254/256 (12%), 
247 (14%) and 205 (100%)), and NMR (CC14): 63.13 (s, 3H, OMe); 3.20 (s, 3H, 
OMe); 3.79 (d, Η-CCI, J=10Hz);4.50 (dd, H-C (4); J=10 Hz, J'=5.5 Hz) ; 5.40 
(d, H-C (6), J=5.5Hz); 6.04 (dd, 2H, H-C
a
, J'=5.5Hz, J=15Hz); 6.67 (d, 2H, 
H-Cg, J=15Hz); 7.10-7.36 (m, 10H, phenyl). 
Under similar conditions le and benzaldehyde gave 5-chloro-6,6-dimethoxy-2,4-
diphenyl-l,3-dioxane, m.p. 106-107cC(crystallized from methanol); m/e: 334/336 
(2%); 228/230 (2%), 212/214 (10%), 197/199 (26%), 138/140 (100%); NMR (CCI,,): 
63.41 (S, 6H, OMe); 3.98 (d, IH, H-CCl, J=10Hz); 4.83 (d, IH, H-C (4); 
J=10Hz; 5.85 (s, IH, H-C (2)); 7.24 (m, 10H, phenyl). 
27 
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R'=R2=Me; R"=R5=H; R3=Ph 


























































CCI,: 0.93 ( s , 6 H , H3C-C(3));1.70-1.85 ( d d , J = 4 , 
J '=2, 2H, H2-C(4));3.32 ( s , 6H, H3CO-C(2)); 
4.40-4.70 (dd, J ' = 2 ; J"=6, 1H, H-C(5)); 
5.90-6.10 (dd, J"=6, J ' = 2 , 1H, H-C(6)) 
CCI-: 0.75 ( s , 3H, H3C-C(3));0.94 ( s , ЗН, 
H3C-C(3));0.87 ( d , J=7, ЗН, H3-C(4)); 1.50-1.70 (m, 1Н, H-C(4)};3.25 ( s . ЗН, H3C0-C(2)) ,3.45 ( s , ЗН, Н3С0-С(2));4.35-4.55 (dd. J=6, J '=2, 
1H, H-C(5));5.90-6.10 (dd, J=6, J '=2; 1H, 
H-C(6)) 
CCI,.: 0.98 ( s , 6H, H3C-C(3));1.57 (broad s , 
3H, H3C-C(5));1.77 (broad s , 2H, H2-C(4));3.33 ( s , 6H, H3C0-C(2));5.80-5.95 (m, 1H, H-C(6)), 
CCI*: 0.93 ( s , 6H, H3C-C(3)),1.73 (broad s , 
3H, H3C-C(6));1.60-1.84 (m, 2H, H 2 -C(4)); 
3.33 ( s , 6H, H3CO-C(2));4.27-4.50 (m, 1H, 
H-C(5)) 
ССІц : 1.02 ( s , 6H, H3C-C(3));2.00 ( d , J=4, 
2H, H2-C(4));3.40 ( s , 6H, H3C0-C(2); 5.27 ( t , 
J=4, 1H, H-C(5));6.90-7.5Û (m, 5H, H5C6-C(6)J 
Neat: 2.50 (m, 2H, H2-C(4));3.30 ( s , 3H, 
H3C0-C(2));3.32 ( s , 3H, H3CO-C(2)):4.32 ( t , 
J=6, 1H, H-C(3)); 4.75 (d t , J=3.5, J"=6, 
1H, H-C(5)); 6.25 (d t , J '=6 , J"=2.5, 1H, 
H-C(6» 
ССП: 1.79 (m, 3H, H3C-C(6)) ; 2.45 (m, IH, 
Н
г
-С(4));3.32 ( s , ЗН, H3C0-C(2));3.37 ( s , 
ЗН, H3C0-C(2));4.22 ( t , J=5.5, 1H, H-C(3)); 
4.52 (m, 1H, H-C(5)) 
CCI,: 2.00-2.30 (m, 2H, H2-C(4)) ;3.20 ( s , 3H, 
H3CO-C(3));3.28 ( s , 6H, HSC0-C(2)) ;3.30-3.40 (m, 1H, H-C(3)),4.30-4.60 (m, 1H, H-C(5)); 
5.90-6.10 (m, 1H, H-C(6)) 
CCI,,: {0.76 ( d , J=7, H3C-C(4)), 0.95 ( d , J = 7, 
H 3 C-C(4)); tot. 3H}; 2.20-2.40 (m, 1H, H-C(4)) 
3.20 ( s , 3H, H3CO-C(3)J ;3.28 ( s , 6H, H3C0-C(2)J; 
3.60-3.80 (m, 1H, H-C(3));4.30-4.50 (m, IH, 
H-C(5)) 5.90-6.10 (m, 1H, H-C(6)j {си- шчі 
mixture) 
ТаЫг 111 Conttnuzd 
Ri=R2=0Me, R3=R*=R5=H 
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CDCb 2.28 ( d d , J = 4 , J ' = 2 , 2H, H 2 - C ( 4 ) ) , 3.34 
( s , 6 H , НэСО-С(З)) , 3.44 ( s , 6 H , H 3 C 0 - C ( 2 ) ) , 
4 . 6 0 - 4 . 8 0 ( m , I H , H - C ( 5 ) ) . 6 . 1 0 - 6 . 2 0 (ni , I H , 
H-C(6)) 
CDCb 1.81 ( b r o a d s , ЗН, H 3 C-C(6)), 2 . 2 0 - 2 . 4 0 
( m , 2 Н , H - C ( 4 ) j , 3.39 ( s , 6 H , H 3 C0-C(3)/, 
3.48 ( s , 6 H , H3CO-C(2)), 4 . 4 Û - 4 . 6 0 (m, 1H, 
H-C(5)) 
*Kugelrohr d i s t i l l a t i o n 
Chapter III 
CHEMISTRY OF KETENE ACETALS V. 
CATALV2EO ANO N0N-CATALV1EV (2+2)- ANP (4+2)-CVCLOAOOITIONS 
BETWEEN 1,2-ΌΊKETONES AND KETENE ACETALS 
C.G. Bakker, J.W. Scheeren and R.J.F. Nivard 
Accepted, in press 
Reel. Trav. Chim. Pays-Bas 
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C h a p t e r I I I 
CHEMISTRY OF KETENE ACTALS 1/. 
CATALV2EO ANO NON-CATALVZEV (2+Z)- AMP (4+2)-CVCL0AOOITWNS 
BETWEEN 1,2-VlKETONES AND KETENE ACETALS 
In a previous paper1 we have demonstrated that the preparation of 2,2-dimeth-
oxyoxetanes via cycloadditions between ketene acetáis (R1R?C=C(0Me)2. 1) and 
su f f i c i en t l y e lec t roph i l i c carbonyl compounds can be extended to simple, less 
e lec t roph i l i c carbonyl compounds, when ZnCl2 is used as a catalyst . 
Extension of the π-system of the e l e c t r o p h i l i c reactant by an o l e f i n i c 
bond as in α,β-unsaturated carbonyl compounds allows the formation of three 
d i f f e r e n t types of cycloadducts in reactions with 1, viz. oxetanes and cyclo-
butanes via. (2+2)- and dihydropyrans via (4+2)-cycloaddition. In nearly a l l 
cases studied 2 i t has appeared that the oxetane is the k i n e t i c a l l y c o n t r o l ­
l e d , pr imari ly formed product. In general, i t can not easily be isolated be­
cause of thermal isomerization leading to the thermodynamically more stable 
dihydropyrans; a cyclobutane derivat ive has only been found as the low-tem­
perature product in reactions of tetramethoxyethene ( 1 , R1=R?=0Me) with α,β-
unsaturated carbonyl compounds having no substituents at C(ß). 
In this study we used 1,2-diketones (2 , R^O-COR4) as the e lect rophi l ic 
partner in cycloadditions of ketene acetáis. Unlike p/toiochemical cycload-
d i t i ons 3 , the thermal cycloadditions of 1,2-diketones have not yet been 
studied systematically1*. 
A pfUofU 1,2-diketones may also y ie ld three d i f ferent types of cycloaddi-
t ion products, viz. oxetanes (3 ) , bis-oxetanes (4) and dihydrodioxins (5) 
(see Scheme 1). 
The di ketones used were widely varied from acycl ic , mainly Pianioid com-
pounds in which R3, R"*=H, alkyl or aryl (2a-2f, see Table I ) to completely 
CAAoid compounds, in which the diketone moiety is part of a cycl ic struc-
ture (2g-21). Cycloadditions were studied with the symmetrically substituted 
tetramethoxyethene ( l a , R'= R2=0Me) which prefers 2^ + lA overlap in cyclo-
addit ions2 and with the unsymmetrically substituted 1,1-dimethoxypropene ( l b , 
R1=Me, R2=H), which reacts via l|? + 1^ overlap; in cycloadditions with α,β-
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In the f i r s t instance a l l cycloadditions studied were attempted without the 
addition of a cata lyst . After work-up the nature of the productwas establ ish-
ed by IR-spectroscopy; the oxetanes (3) show a strong υ stretch v ibrat ion 
at 1690-1730 c m - 1 , the dihydrodioxins (5) have character ist ic IR absorptions 
at 1600-1650 cm"1 (C=C-0); in bis-oxetanes (4) neither of these vibrations 
is observed. In those cases where no reaction had occurred a f t e r 8 hrs, even 
at 80 C, the experiment was repeated in the presence of a small amount of 
ZnCl2 as a catalyst. 
I t appeared that lb is generally more reactive than l a . I t reacts at room 
temperature without the catalyst with acyclic diketones containing at least 
one aldehyde group (2a and 2b) and under heating with the cycl ic diketones 
2g-2k. Cycloadditions of lb with 2c-2f occur only in the presence of ZnCl?. 
The cycloadditions of la require always more drast ic conditions (higher 
temperature, longer reaction time, or the addit ion of ZnCl2). 
As expected the cycloadditions of the cycl ic diketones 2І-21 were accom­
panied by complications. In the reactions of 2 i , used as a hydrate an excess 
of two equivalents of 1 had to be used in order to dehydrate the compound 
(Scheme 2). The NMR spectrum of the cycloadduct of 2i and lb (see Table l i b ) 
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contains only one singlet for the OMe protons and one doublet for the R1 (= Me) 





















1 2 + 
RRCH-COOMe 
3i 
In reactions of 2j an excess of one equivalent 1 had to be used because the 
a c i d i t y of the NH-group causes N-alkylation preceding the cycloaddition 




















are formed by addition to the aryl-conjugated carbonyl group of the inter­
mediate 6 and not by addition to the less reactive amide carbonyl group. 
The diketone 2k is partly enolized. For that reason cycloadditions of 2k 
are only observed in solvents of low polarity (CHC13) and in the absence of 
the catalyst (la gave no reaction under these conditions). 
Finally, 21 is strongly enolized and yields even in CH 2C1 ? only an ortho-
ester (7) according to Scheme 4. 
Scheme. 
• 1 
0 0 0 OH 0 0-C(OMeL-CRRH 
2I ι 2 
7
a : R = R = O M e 
b: R=H.R=Me 
Taking appropriate measures against these complications i t appeared that 
cycloadditions of lb with a l l diketones except 21 led to an oxetane (3ab-3kb) 
(see Table I ) . In the reaction with glyoxal (2a) the oxetane (3ab) could not 
be isolated. When lb was used in large excess however, the bis-oxetane 
(4ab) was obtained. In some other cases (with 2b, 2g and 2h) the bis-oxetane 
was formed in the presence of ZnCl ? , when lb was used in excess. In general, 
the oxetanes and bis-oxetanes could not be p u r i f i e d completely because of de­
composition, leading to dimeric and polymeric products; sat isfactory element­
al analyses were only obtained with 4hb. The products could, however, be 
characterized by NMR, pointing to a pur i ty of 80% or better. On m i l d , acidic 
hydrolysis (20 °C) the oxetanes were converted into ß-hydroxyesters5 (8 ) , 







H,0 L 3 . 1 2 
<J a — - R-CO-CR(OH) -CRR-COOMe * MeOH 
bis-oxetanes were converted into bis-lactones (11) as indicated in Scheme 6. 
Some interest ing applications of th is preparation of bis-lactones w i l l be 
given in a forthcoming publ icat ion. 
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Scheme 6 
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The formation of a dihydrodioxin (5) was never observed in any of the reac-
tions of lb, not even when the reaction temperature was increased or the re-
action time was prolonged. 
The symmetrically substituted ketene acetal (la) behaved differently in 
reactions with several diketones. In the cycloadditions with 2b, 2c and 2j 
again an oxetane (3) appeared to be formed. In the reaction with 2a a re-
markably stable bis-oxetane (4aa) could be isolated. However, in the reac-
tions with 2d-g and with 2j a dihydrodioxin (5) was obtained as the sole 
product, whereas with 2h either an oxetane (3ha) or a dihydrodioxin (5ha) 
was formed, depending on the reaction conditions. No reaction took place 
with 2k. 
VISCUSSION 
The most remarkable difference between the cycloadditions of lb with α,β-un-
saturated carbonyl compounds and 1,2-diketones is the general reluctance to 
form a (4+2)-adduct (5) in the latter case, whereas a dihydropyran is the 
thermodynamically controlled product in the former case. 
The formation of dihydrodioxins from compounds 1 and 2 should involve the 
replacement of two carbonyl double bonds by four CO-single bonds (Scheme 7). 
Scheme. 7 
\ / 












When no special destabi l iz ing effects of substituents are present in the par­
ent compounds, nor s t a b i l i z i n g effects in the product, such a process should 
lead to a considerable loss of bonding energy. Indeed, the only dihydro-
dioxins described in l i terature 1 * are compounds in which the heterocyclic 
system is stabi l ized by condensation with a strongly stabi l i zed aromatic 
system. Even in the reaction of lb with 2g, which should convert 9,10-phenan-
throquinone into a phenanthrene derivat ive the gain of resonance energy in 
the aromatic moiety is apparently i n s u f f i c i e n t to give a thermodynamically 
stable (4+2)-cycloadduct. 
The ketene acetal la d i f f e r s from lb by a much lower ionizat ion poten­
t i a l 6 . I ts high HOMO-energy7 implies a r e l a t i v e l y low π-bond energy which re­
duces the loss of bonding energy in reactions as shown in Scheme 7. For that 
reason i t can be used in (4+2)-cycloadditions with diketones that contain 
substituents which s t a b i l i z e the cycl izat ion product more than the parent 
diketone. This is not the case in the reactions with a l iphat ic diketones 
(2a-c), but indeed in cycloadditions with the aromatic diketones (2d-2i) . 
The reactions of la with 2d-i do not only lead to thermodynamically stable 
(4+2)-cycloadducts; the compounds 5 appear also to arise faster than the cor­
responding (2+2)-cycloaddition products (3 or 4). An explanation might be, 
that (2+2)-cycloadditions of l a , reacting \мл a three centre 2^ + 1^ ap­
proach1 »¿ are more retarded by s ter ic hindrance than (4+2)-cycloaddit ions, 
which proceed VAJCL a more concerted process. This s ter ic factor also explains 
that (2+2)-cycloadditions of la with 2a-c are generally slower than the oxe-
tane formation of lb with the same diketones, although la is a stronger donor 
component. In the cycloadditions of la with the cycl ic diketones 2g-i the 
fixed слло-td structure of the l a t t e r compounds is another favourable factor 
for (4+2)-cycloadditions. Indeed, the reactions of la with 2g-i proceed f a s t ­
er and at s l i g h t l y lower temperature than those with 2d-f. The diketone 2h is 
the only example which yields both types of products (3ha and 5ha). The re la­
t i v e l y fast (2+2)-cycloaddi t ion wi th la may be due to the release of s t r a i n 8 
in the five-membered r ing in th is react ion, which does not occur in the (4+2)-
cycloaddit ion. Moreover, the gain in resonance energy in (4+2)-cycloadditions 
of 2h w i l l be r e l a t i v e l y small 9 (e.g. in comparison with 2q). The r e l a t i v e l y 
easy conversion of 2h into a stable high-melting bis-oxetane (4hb) in the re­
action with lb may be explained in a s imi lar way. 
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EXPERIMENTAL 
Melting points are uncorrected. Infrared spectra were recorded on a Perkin 
Elmer 297 Spectrophotometer. lH NMR spectra were measured with a Varian T-60 
or a Bruker 90 Mc Spectrophotometer in CDCI3 solutions and with tetramethyl-
si lane (6=0) as an internal standard. Mass spectra were obtained using a 
double focussing Varian Associates SM1-B or a Finnigan 3100 GCMS Spectro-
meter. 
The s tar t ing compounds 2c, 2d, 2g, 2h, 2 i , 2j and 21 are commercially a-
vai lable and the other s tar t ing compounds were prepared according to methods 
described in the l i t e ra tu re : 2a1 0 , 2b1 1 , 2e-2f1? and 2k13. Tetramethoxy-
ethane11* ( la) and 1,1-dimethoxypropene1 ( lb) were synthesized as described 
previously. 
A. GtnoAaJL ptioctduKz {¡on. tho. ¿упікиы o{¡ thí compounds 3ba, 3bb, 4aa, 4ab 
About 25 mmoles of freshly prepared 2a were dissolved in a s ix fo ld excess 
of la or lb and cooled to 0 °C. In the reactions of 2b a threefold excess of 
1, dissolved in dry aceton i t r i le was used. The large excess is necessary, be-
cause the cycloaddition reactions have to compete with polymerization. The 
mixture was l e f t at the temperature and for the time given in Tables Ha and 
l i b . The reaction mixture was dissolved in dichloromethane, polymeric prod-
ucts were f i l t e r e d of f and the f i l t r a t e was concentrated In vacuo. 4aa was 
crys ta l l i zed from tetrachloromethane-pentane (3:1) . The other compounds were 
obtained as o i l y products which could not be pur i f ied due to decomposition 
(Puri ty ± 85% according to NMR). 
Yields, physical constants and spectroscopic data are given in Tables Ha 
and l i b . 
B. GmvwJL procedano, ion the iynihuLi o¿ Зса and 3ha, 3cb-3hb and 3kb, 4hb 
and 3c¡a 
A proper 1,2-diketone (2) (10 mmoles) was dissolved or suspended in 30 ml 
of ace ton i t r i l e , and then mixed with 30 mmoles of la or lb . The mixture was 
supplied with 1 ml of a saturated solut ion of ZnCl2 in aceton i t r i le and l e f t 
at the temperature and for the time given in Tables Ha or l i b . Then 1 ml of 
tr iethylamine was added and the mixture was cooled and concentrated In vacuo. 
The residue was dissolved at room temperature in a minimal amount of te t ra -
hydrofuran containing 0.5 ml of t r iethylamine. Subsequently, pentane was ad-
ito 
ded until a light precipitate was formed, which was filtered off. Finally, 
the solvent was removed in vacuo. The separation procedure was repeated sev­
eral times. 
3ca and 3cb were distilled through a Vigreux column (20x1.0 cm) after the 
addition of a small amount of potassium te.it. butoxide; 5ga and 4hb were 
crystallized from acetonitrile. 
The oxetanes 3db, 3cb and 3fb were formed as сіл-іл.аш> mixtures, which 
could not be separated; 3gb decomposed into the starting compounds, when the 
reaction mixture was concentrated in vacuo; it could be detected, however, by 
NMR. For the same reason 3ha and 3hb could not be obtained more than 80% pure. 
In the preparation of 3kb CHC13 was used as the solvent and ZnCl2 was not 
added. The reaction also gave a mixture of isomers. 
Yields, physical constants and spectroscopic data are given in Tables H a 
and lib. 
С Gemmai ріосе.аилг {¡on. thu іупіпеліл oh 3ja, ЪІЬ and 3jb, 4gb, Sda-S{¡a, 
Sha. and Sia 
A proper diketone (2) (10 mmoles) and 30 mmoles of la or lb were heated in 
a sealed tube with or without ZnCl7 at the temperature and for the time given 
in Tables H a and lib. Only for 5ha acetonitrile was used as a solvent. The 
mixture was cooled, 1 ml of triethylamine was added and the solvent and ex-
cess of ketene acetal were removed in vacuo. The residue was dissolved in the 
minimal amount of tetrahydrofuran (diethyl ether/diisopropyl ether 1:1 for 
3jb) containing 1 ml of triethylamine. Pentane was added and the mixture was 
filtered. After concentration of the filtrate in vacuo this procedure was re-
peated several times. 
Compound 5da was crystallized from tetrachloromethane/pentane (4:1); 5ea 
from tetrachloromethane; 5fa was obtained as an oil; 4gb was obtained as a 
white solid (purity 90-95%), which slowly decomposed into the starting mate-
rials. On further handling 5ha was crystallized from tetrachloromethane/di-
chloromethane (4:1); 5ia from pentane/ether (3:1). Compound 3ja was purified 
by repeated precipitation with diisopropyl ether from a solution in CH2C12. 
Application of the same procedure to 3jb gave an oily сіл-ілаш, mixture. 
Yields, physical constants and spectroscopic data are given in Tables H a 
and lib. 
1(1 
D. Procedute, ίοκ the iyntheiii oí compound!, 7¿a and Tib 
The diketone 21 (10 mmoles) was dissolved in 25 ml of dichloromethane and 
25 mmoles of la or lb were added. This mixture was kept at room temperature 
for one hour. The volatile compounds were evaporated in vacuo. Further puri-
fication by extraction or precipitation as described above for 3ja yielded 
71a and 71b in a purity of %95% (from NMR). 
Yields, physical constants and spectroscopic data are given in Tables H a 
and lib. 
Synthesis oí the B-hyd>wx.y еліеи 8 by hydnolyiii, oí the охеЛапел 3 
A crude oxetane 3 was dissolved in 50 ml of tetrahydrofuran. To this solu­
tion a mixture of 25 ml of tetrahydrofuran, 24.5 ml of water and 0.5 ml of 
concentrated hydrochloric acid was added. The mixture was left for two hours 
at room temperature, then saturated with sodium chloride and extracted with 
dichloromethane. The dichloromethane layer was washed several times with 
saturated sodium chloride and saturated sodium bicarbonate solutions, dried 
over ^SO!, and concentrated in vacuo. 
The work-up procedure gave 8ba, 8ca and 8bb as oily compounds of at least 
95% purity; 8db was purified by column chromatography (Silicagel, eluent 
pentane/diisopropyl ether, 2:1) to remove 2d; the resulting sample remained 
an oil; 8cb and 8gb were crystallized from tetrachloromethane; 8ib was crys­
tallized from diisopropyl ether; 8hb was purified by extraction of the crude 
mixture containing the ß-hydroxy ester and the very insoluble acenaphthene 
quinone 2h with diisopropyl ether. 
Yields, physical constants and spectroscopic data are given in Table III. 
SynthuiA oí the. Ыл y-¿actone 11 by hydn.otyiLt> oí 4ab 
The crude mixture of the bis-oxetane 4ab was hydrolyzed as described for 
the hydrolysis of oxetanes. After work-up the mixture consisted of two com-
pounds 10 and 11. 
The bis-lactone 11 crystallized from tetrachloromethane/pentane (2:1), 
yield: 30-40%; m.p. 139-141 °C; IR: v C = 0 1780 cm-1; NMR: (δ in ppm, J in Hz): 
1.37 (d, 6H, J=7); 2.60-3.10 (m, 2H); 4.99 (d, 2H, J=4); Mass: С Н 1 0 0 4 , 170 
(M +); 126 (М+-С0?); 111 (M +-C0 2, CH 3); 97 (M
+
-C0 2, C ? H S ) . Caled.for CgHjgO^: 
С: 56.47; Η: 5.92; found: С: 56.21; Η: 5.97%). 
2^ 
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labio. I P/ioducU0- LbolaXe.d In the. пгасЛлопл between (МеО)
 2C=C(ÖMe) 2 Πα) 





R в =Ri» = ~H 
2a 
R 3=-H; R„=-CHi 
2b 
R э - К ц - ~С H] 
2ç 
R3 =КІ, =~СбП5 
2d 







































































































(see Scheme 4) 
a I n the product codes the f i r s t l e t t e r refers to substitueras or ig inat ing 
from 2, the second l e t t e r to those from 1 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































C 2 0H 2 9N0 l t, 
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3.56 (s,6H); 3.61 (s,6H); 6.89-7.40 (m,4H) 
3.51 (s,12H); 4.70 (s,1H); 6.82-7.67 (m,4H) 
2.81 (s,3H); 3.38,3.36,3.43,3.46,3.53,3.51 
(6XS.18H), 3.78 (s,3H); 4.90 (s,1H); 
6.70-7.72 (m,4H) 
1.69-2.13 (m,2H); 2.13-2.64 (m,4H); 3.34 
(s,6H); 3.39 (s,6H); 4.35 (s,1H); 6.28 
(t,1H,J=5) 
*With saturated solution of ZnCl2 in acetonitrile 
aThis reaction also proceeds without the catalyst, but with lower yield 
bAll compounds 5 and the oxetane 4aa and 4ha gave satisfactory elemental analyses. The mass spectra of com­
pounds 3 show ίί+, M+-CH3, М+-0СН^Гм
+
-С0С(ОМе) 2 peaks; of compounds 4 M+, M+-CH3 and M+-0CH3 peaks; of com­
pounds 5 Г1+, M+-CH3, M+-0CH3, M+-C(0CH 3) ? and l^-C^O;, peaks. 
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'H NMR (δ in ppm; J in Hz) 
UV (*
mjJX in nir, (CH3OH)) 
1.12 (d,3H,J=7); 1.14 (d,3H,J=7); 




0.90 and 1.10 (d,3H,J=7); 1.30 and 1.40 
(s,3H); 2.2b (s,3H); 2.85 (m,1H); 3.13, 
3.16,3.23,3.26(s's,6H) (cci-ttanj mixture: 
ratio 0.15) 
0.78 (d,3H,J=7); 3.20 (s,3H); 3.44 (s,3H); 
3.88 (q,1H,J=7); 7.00-8.15 (m,10H) and 
1.33 (d,3H,J=7); 2.99 (s,3H); 3.23 (s,3H); 
-3.0 (q,1H,J=7); 7.00-8.15 (m.lOH) (ccs-
иіт mixture: 1:1) 
0.86 (d,3H,J=7); 3.28 (s,3H); 3.53 (s,3H); 
3.95 (q,1H,J=7); 7.45-8.55 (m,8H) (one 
isomer) 
0.9-1.3(α'5,3Η);3.0-3.8(η'5,1Η);3.1-3.6 
(s's,6H); 7.50-8.50 (m,8H) 
0.93 (d,3H,J=7); 3.00 (q,1H,J = 7); 3.34 
(s,3H); 3.55 (s,3H); 7.10-8.20 (m,8H) and 
0.60 (d,3H,J=7); 2.97 (q,1H,J=7); 3.50 
(s,3H); 3.57 (s,3H); 7.10-8.20 (m,8H) 
(isomer ratio: 1:3) 
0.37 (d,6H,J=7); 3.19 (q,2H,J=7); 3.40 
(S.12H); 7.00-7.90 (m,8H) (one isomer) 
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1.04 and 1.40 (d,3H,J=7); 2.41 and 3.4 
(q,1H,J=7); 2.63,2.96,3.43 and 3.55 
(s's,61i ; 7.40-7.90(m,6H) {¡ил-ілаы, 
mixture) 
1.33 (d,6H,J=7); 2.31 (q,2H,J=7); 2.95 
(s,6H); 3.46 (s,6H); 7.30-7.90 (m,6H) 
(main isomer, 90%) and 1.04 (d,6H,J=7); 
2.91 (q,2H,J=7); 2.63 (s,6H); 3.55 (s,6H); 
7.34-7.90 (m,6H) (minor isomer, 10%) 
1.27 (d,3H,J=7); 2.80 (q,1H,J = 7); 2.97 
(S.6H); 7.60-8.00 (m,4H) 
0.83 (t,3H,J=7); 0.93 and 1.12 (d,3H,J=7); 
2.32 (q,2H,J = 7); 3.20 (q,1H,J=7), 3.26 
(s,6H); 3.47 (s,3H); 3.70 (s,3H); 
6.85-7.70 (m,4H) 
1.06 (d,3H,J=7); 3.20 (s,3H); 3.39 (s,3H); 
3.30 (q,1H,J=7); 3.54 (s,2H); 7.15-7.85 
(m,4H) (main isomer ~75% of the mixture) 
0.82 (t,3H,J=7); 1.71 (q,2H,J=7); 
1.70-2.20 (m,2H); 220-2.55 (m,4H); 3.28 
(s,6H); 6.30 (t,1H,J=5) 
*Wi'th saturated solut ion of ZnCl2 in acetoni t r i le 
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JH NMR (6 in ррт; J in Hz) 
2.29 (s,3H); 3.20 (s,3H); 3.34 (s,3H); 3.60 (s,3H); 
3.88 (br.s.lH); 4.22 (s,1H) 
1.39 (s,3H); 2.25 (s,3H); 3.31 (s,3H); 3.44 (s,3H); 
3.65 (S.3H); 4.12 (s,1H) 
1.0-1.5 (dd,3H,J=7); 2.12 and 2.22 (s,3H); 2.38 (m,1H, 
J=7); 3.58 (s,3H); 3.75-4.05 (m,1H); 5.23 (d,1H,J=5) 
(two isomers) 
1.12 and 1.40 (d,3H,J=7); 1.21 and 1.31 (s,3H); 2.22 
and 2.26 (s,3H); 2.87 and 3.00 (q,1H,J=7); 3.56 and 
3.64 (s,3H); 3.98 and 4.01 (br.s.lH) (ratio: 85:15) 
0.97 (d,3H,J=7); 3.46 (q,1H,J=7); 3.70 (s,3H); 5.25 
(s,1H); 6.95-8.10 (m,10H) (one isomer) 
1.10 (d,3H,J=7)i 3.50 (q,1H,J=7); 3.78 (s,3H); 5.46 
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1.10 (d,3H,J=7); 2.86 (q,1H,J=7); 3.56 (s,3H); 4.20 
(s,1H); 7.25-7.95 (m,8H) (main isomer 95%) and 1.00 
(d,3H,J=7); 3.40 (s,3H); 4.38 (s,1H); 7.25-7.95 (m,8H) 
(minor isomer 5%) 
1.04 and 1.13 (d,3H,J=7); 3.05 (q,1H,J=7), 3.61 and 
3.78 (s,3H); 4.37 (br .s ,1H); 7.45-8.40 (m,6H) ( ra t io . 
1:4) 
1.22 and 1.29 (d,3H,J=7); 2.54 (q,1H,J=7); 3.45 and 
3.59 (s,3H); 3.71 and 3.85 (s,1H); 7.40-7.90 (m,4H) 
(two isomers) 
a Al l 6-hydroxy esters gave sat isfactory elemental analyses. 
The mass-spectra of the a l iphat ic ß-hydroxy esters showed M+-0H; M+-0CH3; M+-C0CH3; M+-C00CH3 peaks; 
the mass-spectra of the aromatic ß-hydroxy esters showed M+; M+-0CH3; M+-C00CH3; M+-CH(CH3)C00CH3 peaks. 
CD 
Chapter IV 
CHEMISTRY OF KETENE ACETALS l/I. 
THE INFLUENCE OF THE DICVANOETHENE МОІЕТУ ON THE REACTIVITY 
AND SELECTIVITY OF β,ß-ШСУАШ-а,ß-UNSATURATEP KETONES IN 
CVCLOAWmONS WITH KETENE ACETALS 
C G . Bakker, P.H.M. Ooms, J.W. Scheeren and R.J.F. Nivard 
Accepted, in press 
Reel. Trav. Chim. Pays-Bas 
Chapter IV 
CHEMISTRY OF KETENE ACETALS l/I. 
THE INFLUENCE OF THE тС МЮЕШЫЕ МОТЕТУ ON THE REACT! І/ІТУ 
AMP SELECTIl/ІТУ OF g, g-PICVANO-ct, g-UNSATURATED KETONES IN 
CVCLOAWITIONS WITH KETENE ACETALS 
Electron-rich o lef ins l i k e ketene acetáis (R1R2C=C(0Me)2, 1) have appeared to 
be useful reagents in the preparation of four-membered ring compounds (cyclo-
butanes1 or oxetanes2) via thanmai cycloadditions (Scheme 1). The reactions 
proceed as two-step processes via a dipolar intermediate. Therefore, the for -
mation of cyclobutanes (reaction a) requires an electron-poor reaction part-



























In the formation of oxetanes (reaction b) the carbonyl compound has also to be 
activated by the introduction of an electron-withdrawing substituent (E=CN), 
or by the addit ion of a Lewis acid, viz. ZnCl2 as a c a t a l y s t 3 . 
These p o s s i b i l i t i e s raised the question whether ketene acetáis in reac-
tions with more extended n-systems would y ie ld (2+2)- or (4+2)-cycloadducts. 
In previous studies i t has appeared tha t , i n general, thermal (2+2)-cycloaddi-
52 
tions of ketene acetáis proceed faster than competing (4+2)-cycloadducts (see 
Scheme 2). In cycloadditions of acycl ic 1,1-dicyanobutadienes with ketene 
acetáis (R'=H, R2=Me; R1=R<?=0Me) the (2+2)-cycloadducts (vinyl-cyclobutanes) 
are formed as the sole product when the dienes are іла ьоіа4 , whereas the 
thermodynamically more stable (4+2)-products are only obtained from cXòoid 
dieness (reaction c) . 
In cycloadditions of ketene acetáis with Ыапіоіа α,β-unsaturated carbonyl 
compounds (reaction d)(6 the general trend is the formation of anoxetane at low 
temperature and a dihydropyran at higher temperature. In some cases, t e t r a -
methoxyethene ( l a , R1=R2=0Me) yields a cyclobutane at low temperature. Ap­
parently, (2+2)-cycloaddition is the k i n e t i c a l l y determined react ion, but be­
cause of i t s r e v e r s i b i l i t y the thermodynamically determined (4+2)-adduct is 
obtained at higher temperature. 
In cycloadditions of ketene acetáis with 1,2-diketones (reaction e) oxetanes 
(sometimes bisoxetanes) are the normal products7 as well for c^ioid as for 
-ttan-óoid 1,2-diketones. Even in cases where these compounds can not well be 
isolated, due to thermal i ns tab i l i t y , they are not converted into a (4+2)-
cycloadduct, because this type of compounds (dihydrodioxins) is, in most cases, 
unstable, re la t ive to the parent compounds. Dihydrodioxins are only obtained 
as the sole products, in reactions between tetramethoxyethene ( l a , R'=R2=0Me), 
which has a very low n-bond energy, and 1,2-diketones containing aryl subst i -
tuents, which s tab i l i ze the product. 
In this paper we study cycloadditions of ketene acetáis with β,β-dicyano-
α,β-unsaturated carbonyl compounds (NC)2C=CRl*-CR3=0, 2). The dicyanoethene 
moiety (C=C(CN)2) has properties which are very corresponding to those of 
carbonyl compounds8. I t is an excellent cycloaddition partner in reactions 
with ketene acetáis (see reaction с in Scheme 2 ) ; also in cycloadditions of 
the fuin&oid l,l-dicyano-4-phenyl-butadiene with 1,1-dimethoxybutadienes, the 
dicyanoethene moiety reacts with complete s e l e c t i v i t y as the 2n-componentg. 
Therefore, i t might be expected that in (2+2)-cycloadditions between 1 and 2 
the formation of cyclobutanes (3)and oxetanes (5) are competing reactions. 
Moreover, (4+2)-cycloadditions may lead to two types of dihydropyrans (4) 
(Scheme 3). 
Unfortunately, compounds 2, in which R3 and Rk are simple alkyl groups, 
are not readily avai lable. The Knoevenagel condensation of 1,2-diketones with 
malonodinitr i le f a i l s in these cases 1 0 . For that reason only a small set of 
compounds (2a-e, see Table 1), a l l of which have been previously described 
53 
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were used. As representative ketene acetáis we used the symmetrically subst i-
tuted tetramethoxyethene ( l a , R1=R7=0Me) and the unsymmetrically substi tuted 
1,1-dimethoxy propene ( l b , R1=H, R2=Me). Both types of ketene acetáis showed 
di f ferent behaviour in previously studied cycloadditions4 > 6 » 7 > n . 
Scheme. 3 
R1 OMe 
R4 OMe \ 
К OMe 
1 
Pvran not ODserved 
RESULTS 
The reactions were carried out by mixing 2 with an excess of 1 using aceto-
nitrile (or chloroform) as a solvent. Reactions at high temperature were per­
formed in sealed tubes without solvent. The mixtures were left at room tem­
perature or heated for an appropriate time. Then the solvent and the excess 
of 1 were removed an the residue was purified by crystallization. The prod­




o 1680-1740 cm" 1 ); those derived from lb have the NMR-signal 
for the methine proton (CH3CH) at 63.2-4.0 ppm. Dihydropyrans (4) do not 
show a C=0 absorption but ^>Q
=
Q.Q 1600-1650 cm" 1 , dihydropyrans from lb have 
the methine singal at 62.7-3.1 ppm. In the oxetanes (5), the n i t r i l e absorp­
tions in the IR spectrum are at lower frequence (\>QN = 2220 cm-1) than in 3 
or 4 (^2245 c m - 1 ) ; the methine signal in these compounds is at 6^4.2 ppm. 
More complete spectral data are given in Table I I (experimental p a r t ) . 
In Table I a survey is given of a l l products isolated. The reactions of 
2a-d with la and lb led to the formation of a dihydropyran (4) i n g o o d y i e l d , 
at least at higher temperature. Ketene acetal lb is more reactive than l a 1 1 , 
whereas in the series of compounds 2 the r e a c t i v i t y varies according to 
2b>2c>2d>>2a. From 2b and 2c no other cycloadducts could be obtained by 
var iat ion of the reaction condit ions: at temperatures below 0°C, noconversion 
at a l l was observed. In the presence of ZnCl ? , the (4+2)-cycloadditions of these 
compounds Droceeded faster , but theyields were lower as a consequence of nolymeri-
zation. The (4+2)-cycloaddi tions were always reg i ose lee t i ve, the result ing prod­
uct is a 2,2-dimethoxy - not a 3,3-dimethoxy - 3,4-dihydropyran, when lb is used as 
the donating reactant (absence of a methine Н-С(СН
э
)-0- signal a t ^ 4 pom). 
The compound 2dyields (2+2)-cycloadducts with both ketene acetáis at room 
temperature. Without a catalyst a cyclobutane (3) is formedand in the presence of 
ZnCl2 an oxetane (5) is observed, which decomposes slowly into the s tar t ing com-
pounds. Both low temperature products are accompanied by a quantity of 4 ( d i -
hydropyran), which increases with longer reaction times. 
The reaction between 2a and lb yields a cyclobutane together with polymer-
ic products at room temperature, when ZnCl2 is added. 
Compound 2a behaves i r regu la r l y ; due to the ac id i ty of the NH-proton cyclo-
addit ion is accompanied by a lky lat ion (Scheme 4). According to IR the alkyl 
Sc.ho.mt 4 
t o + 2MeCH = C(OMe)2 
1b 
ОШМе)-С H 
2 2 5 
3j*OMe 
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residue in the product (3j*) is present at oxygen (no vç-_Q-absorption). In 
the corresponding reaction of 2e with la alkylation was not observed. The 
sole product was a cyclobutane (3e)5 even when the reaction was carried out 
at 120 °C. 
V1SCUSS10N 
Our results demonstrate that (4+2)-cycloaddition products from ketene acetáis 
(1) and compounds (2) are quite stable products. In th is respect 4,4-dicyano-
3,4-dihydropyrans (4) d i f f e r from 3,4-dihydrodioxins (Scheme 2, reaction e) 
which could not be obtained7 via cycloadditions between lb and 1,2-diketones 
comparable with 2a-2d. 
A remarkable resul t is that in hal f of the reactions studied (2+2)-cyclo-
additions could not be observed at lower temperature; below 20 °C (or 0 °C 
for 2b-d) no conversion at a l l was observed. This resul t may be caused by the 
restr ic ted choice of compounds 2 available for th is invest igat ion. K inet ica l -
ly determined (2+2)-cycloadditions at low temperature were much more general-
ly found in the reactions of α,β-unsaturated carbonyl compounds with ketene 
acetáis6 (reaction d in Scheme 2) , but the examples concerned acyclic α,β-
unsaturated carbonyl compounds containing simple alkyl substituents and hav­
ing a part ly VuinAoid conformation. I t is of importance that (2+2)-cycload-
dit ions in that study were most apparent in the reactions of unsaturated 
ketones, in which the ¿tanioid conformation was predominating. The compounds 
2a-b have a f ixed oòòoid structure which is favourable for the (4+2)-cyclo-
addit ion. Moreover, (4+2)-cycloaddition of a l l four compounds 2a-d is accom-
panied with some gain of s tab i l i za t ion energy by the presence of aromatic 
residues. On the other hand (2+2)-cycloadditions of 2a-d may be re la t i ve ly 
slow due to s ter ic hindrance, especially in reactions with la . 
In those cases where (2+2)-cycloadducts were found, they were always low-
temperature, k ine t i ca l l y determined products, j us t as previously6 found in 
cycloadditions with simple α,β-unsaturated ketones. From the small number of 
examples i t can not be deduced whether any preference for (2+2)-cycloaddition 
at the dicyanoethene or the carbonyl moiety is present. However, oxetane for­
mation was only observed with 2d and in the presence of ZnCl2, and the resul t­
ing oxetanes (5d and 5i) decomposed already at room temperature, especially in 
polar solvents. 
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The special behaviour of 2e, which y ie lds only a cyclobutane, must be due to 
desactivation of the carbonyl group by the electron donating NH-group. A sim-
i l a r behaviour was previously found for acry l ic esters, which equally do not 
y ie ld (4+2)-cycloadduchts with ketene acetáis1 2 . 
A clear explanation of the high reg iose lect iv i ty in the (4+2)-cycloaddi-
tions of the compounds 2 with lb (only 2,2-dimethoxy-3,4-dihydropyrans are 
formed) cannot be given. Applying the HSAB-theory the observations agree with 
the supposition that the dicyanomethylene group is a softer center than oxy-
gen13. Using a s impl i f ied Frontier Orbital descr ipt ion1 4 the reg iose lec t iv i -
ty cannot well be ascribed to a higher LUMO-coefficient of the dicyanometh-
ylene carbon in comparison with oxygen. A more probable explanation should be 
that the resonance integral for carbon-carbon bond formation is higher than 
for carbon-oxygen bond formation1 ' ' . 
As to the differences in reaction rates of the (4+2)-cycloadditions i t is 
clear that the reac t i v i t y of 2a must be much lower than that of 2b-d. The 
l a t t e r compounds have a f ixed a¿6oid conformation which is not the case with 
2a. The re la t ive reac t iv i t ies of 2b-d w i l l depend on several secondary fac-
tors . In general, the reac t i v i t y of planar, cyc l ic systems in (4+2)-cycload-
di t ions increases s l i gh t l y with decreasing distance l b between the ends of the 
diene system. This distance w i l l be shorter in the five-membered ring com-
pounds 2b and 2d; the addit ional carbonyl group in 2b w i l l provide th is com-
pound with the lowest LUMO energy1 6 ·1 7 which might explain i t s higher re-
a c t i v i t y . On the other hand, an addit ional factor favouring the reac t i v i t y of 
2c, might be the re la t i ve ly large gain in resonance energy during the formation 
of the (4+2)-cycloadduct, which is a phenanthrene der iva t ive 1 8 . 
The aptitude of 2d for formation of re la t i ve ly stable (2+2)-cycloadducts 
may be due to the presence of a five-membered r ing containing only sp2-
hybridized carbon atoms. The resul t ing angle s t r a i n 1 8 0 is released in the 
formation of a dipolar intermediate by bond formation at one of the ring 
atoms, not in the formation of a (4+2)-cycloadduct with l a , l b . The same ef-
fect is not observed with 2b because the electronic ef fect of the addit ional 
carbonyl groups1 6 '1 7 favours the (4+2)-cycloaddition to a far greater extent 
than the (2+2)-cycloadditions; i t lowers the LUMO-energy but also the LUMO 
coef f ic ient on the ß-carbon atom of 2b. 
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EXPERIMENTAL 
Melting points are uncorrected. IR spectra were recorded on a Perkin-Elmer 
297 spectrophotometer. lH NMR spectra were measured with a Varian T-60 or a 
Bruker 90 Mc spectrometer in CDC13 solut ion and with tetramethylsilane (6=0) 
as an internal standard. Mass spectra were obtained using a double focussing 
Varian Associates SM-1B spectrometer. 
The star t ing compounds 2a, 2c-e were prepared according to procedures de­
scribed in l i t e r a t u r e 1 9 « 2 0 ; 2a was c r y s t a l l i z e d from diisopropyl ether before 
use. 2b was obtained as described by Junek οΛ. al21. The syntheses of l a 2 2 and 
l b 3 have been reported previously. 
Ge.neAaJL pioczduAe. {¡on. the. pivpafuxtlon o£ ¿Шіуакорушпо 4 
A α,β-dicyano-a.ß-unsaturated ketone (2) (5 mmoles) and an excess of a 
ketene acetal (1.5-2 equivalents) were dissolved in ca.20 ml of aceton i t r i le 
and l e f t at the temperature and for the time given in Table I . Reactions re-
quir ing temperatures above 80 °C were done in sealed tubes without solvent 
(preparation of 4a, 4f and 4d). 
After completion of the reaction the excess of ketene acetal and the so l -
vent, i f used, were removed in vacuo. The products were crysta l l ized from 
aceton i t r i le (4a from methanol). Yields, melting points and spectroscopic 
data are given in Table I I . 
Рлосгаилел {¡OK thz ρκιραΛαΛλοη o{¡ cydLobutamA 3 
The compounds 3e and 3j were obtained by the same procedure as used in the 
preparation of the dihydropyrans; for 3j a larger excess of the ketene acetal 
was used (4.0 equivalents). 
In the preparation of 3d and 3i 2.5 mmoles of 2d were suspended in 10 ml 
of chloroform and the suspension was supplied with 5 mmoles of a ketene a-
cetal at 10-15 °C. After the mixture had become clear (2-4 hrs) 15 ml of 
tetrachloromethane were added and the precip i tate was f i l t e r e d and washed 
several times with tetrachloromethane. The products remained contaminated 
with some 2d and could not be pur i f ied completely, because they decomposed 
slowly into the s tar t ing compounds. Yields and spectroscopic data are given 
in Table I I . 
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GmtnnJi рА-осгаилг {¡oh. th<¿ ZnC¿2-catalyzed cyctoadditlonò: pfizpaJuutLon o^ 3¿, 
5d and 5¿ 
To a solut ion of 2 (2.5 mmoles) in 25 ml of ace ton i t r i le 5 mmoles of a 
ketene acetal and 1 ml of a saturated solut ion of ZnCl? in aceton i t r i le were 
added. The mixture was l e f t at room temperature for the time given in Table 
I . Then 1 ml of t r i ethyl ami ne was added, the solvent was evaporated In vacuo 
and 25 ml of a mixture of diisopropyl ether and tetrahydrofuran ( 1 : 1 , v/v) 
was added to the residue. Polymeric side-products were f i l t e r e d of f and the 
f i l t r a t e was concentrated in vacuo. 3f could be crys ta l l i zed from aceto-
n i t r i l e . The oxetanes 5d and 5i could not be separated completely from pyrans 
4d and 4 i , respect ively, because of decomposition. 
The oxetanes remained always contaminated with 10-15% of the pyrans, 4. 
Yields and physical data are given in Table I I . 
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Table. II V¿eJLdi, melting pointa and іргсілоіcopte data oí 1,ì-dlcya.no-2, 2-dimetkoxy cyclobataneA 3, 2,2-dl-
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2240 ν 
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Γ Ν 1655, L N 
1605}vC=C-0 
2249 v C N 
1713 v C = 0 
1638>« c = c _ 0 
*H NMR (óppm, J = Hz vs TMS (o=0) in CDC13) 
2.91 (s,3H); 3.16 (s,3H); 3.71 (s,6H); 7.50-8.16 (m,6H) 
2.98 (s,3H); 3.30 (s,3H); 3.35 (s,6H), 6.82-7.40 (m,4H), 
7.72 (br.s.JH) and 8.83 (br.s.JH) 
0.76 (d,3H,J = 7 ) ; 3.17 (q,1H,J = 7 ) ; 3.42 (s ,3H), 3.60 (s ,3H) ; 
7.20-7.80 (m,10H) and 
1.24 (d,3H,J-7) ; 3.96 (q,1H,J = 7 ) ;3 .37 (s ,3H);3.50 (s,3H); 
7.20-7.80 (m.lOH) 
0.95 (d,3H.J=8); 3.23 (q,1H,J=8); 3.52 (s,3H); 3.74 
(s,3H); 7.33-8.26 (m,6H) and 
1.30 (d,3H,J=8); 4.12 (q,14,J=8); 3.48 (s,3H); 3.62 
(s,3H); 7.33-8.26 (m,6H) 
0.72 ( t ,3H,J=7) ; 1.52 (d,3H,J=7); 2.25 (q,2H,J=7); 2.83 
(q,1H,J=7); 3.25 (s,6H); 3.42 (s,3H); 3.49 (s,3H); 
7.00-7.90 (m,1H) 
3.59 (s,6H); 3.67 (s,6H); 7.10 (s,5H); 7.20-7.30 (m,5H) 
3.63 (s,6H); 3.71 (s,6H); 7.20-7.80 (m,4H) 
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3.60 (s,6H), 3.84 (s,6H), 7.52-7.85 (m,4H), 8.17-8.67 
(m,4H) 
3.59 (s,6H), 3.77 (s,6H), 7.34-8.20 (m,6H) 
1.50 (d,3H,J=7), 2.91 (q,1H,J=7), 3.46 (s,6H), 
6.97-7.33 (m.lOH) 
1.50 (d,3H,J=7), 2.79 (q,1H,J=7), 3.49 (s,3H), 3.60 
(s,3H), 7.23-7.60 (m,4H) 
1.69 (d,3H,J=7); 3.12 (q,1H,J=7), 3.38 (s,3H), 3.63 
(s,3H), 7.52-8.03 (m,4H). 8.33-8.98 (m,4H) 
1.55 (d,3H,J = 7 ) , 2.93 (q,1H,J = 7 ) , 3.44 (s,3H), 3.53 
(s,3H), 7.33-8.07 (m,6H) 
2.98 (s,3H), 3.10 (s,3H), 3.67 (s,3H), 3.72 (s,3H), 
7.30-8.20 (m,6H) 
1.00 (d,3H,J=7), 3.60 (s,3H), 3.75 (s,3H), 4.16 ( q , 
J = 7,1H), 7.40-8.34 (m,6H) 
a C r y s t a l l i n e products gave sat isfactory elemental analyses (C,H,N). A l l compounds showed in t h e i r mass spectra 
retro 1 and retro 2 peaks 
DDecomposes into s t a r t i n g materials at room temperature 
cWith ZnCl2 in a c e t o m t r i l e (5 mole %) 
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Chapter V 
CHEMISTRY OF KETENE ACETÁIS II. 
A SIMPLE ROUTE TO 2,2-PIALKOXyTETRAHypROFURANS, γ-BUTyROLACTONES, 
2-(5H)-FL!RANONES AMP 2-А1ШУ-4, 5-PIHypROFURANS 
Recently simple, cyclic orthoesters, (3; R=R 1 =R 2=H) have been applied success­
fully in syntheses of biologically active compounds. Stereoselective Claisen 
rearrangements via such orthoesters (R3=allylic) gave useful intermediates in 
the preparation of calciferols1. Other naturally occurring compounds have 
been obtained by condensation of 3 with carbon acids?. Up to now, the com­
pounds 3 were generally prepared in a two step procedure from γ-butyrolac-
tones according to Meerwein3. 
We found a single-step and rather general entry to these cyclic orthoesters 
by heating available epoxides (1) with ketene acetáis (2) in the presence of 
ZnCl? (Scheme 1). The reaction does not proceed without the catalyst, but 
ketene acetáis have a remarkably low tendency to polymerise under the in-
fluence of ZnCl2, as was previously observed in cycloadditions of 2 with 
carbonyl compounds1*. 
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Cyclic orthoesters having R=CH2C1 can be converted into 5-methylenetetra-
hydrofurans 6 (Scheme 3). Treatment of 0.04 mol of 3a (R=CH2C1, R
1
=R 3=CH 3, 
R2=H) in 50 ml of diethyl ether with 0.07 mol of tBuOK for 3 hrs at room 
temperature gave after filtration and distillation 2,2 - dimethoxy-3-methyl-
5-methylenetetrahydrofuran in 65% yield; b.p. 50°/15 mm, NMR (60 MHz, CDC13) 
6 4.20-4.30 (m, IH, H O ) , 3.75-3.85 (m, IH, HC=), 3.33 (s, 6H, 0CH 3), 
2.06-2.95 (m, 3H, H2C and HC), 1.03 (d, 3H, C-CH3, J=6 Hz). 
Sederne 3 




t-BuOK Of OMe OMe Me 
3a(R=CHCI] 
'M 2 
Cyclic orthoesters obtained from a-chloroketene acetáis (2, R1=C1) can be 
used in the synthesis of butenolides 7. As the orthoesters can be used w i th -
out previous pu r i f i ca t i on , the preparation of 7 can be performed as a one 
pot synthesis. In th is way ß-phenyl-Δ01 ß-butenolide was obtained in 55% y ie ld 
according to Scheme 4; the intermediate 3b (R=Ph, R^C l , R2=H, R3=Et), pre-
pared as described before, was heated without previous d i s t i l l a t i o n with 
tBuOK (30% excess) in THF for 1 h. The solvent was removed In vacuo, diethyl 
ether was added, the ethereal solut ion was f i l t e r e d and concentrated, and 
then added to concentrated H^Oi, at 0° . After 15 minutes the mixture was pour-
ed into ice. The butenolide was isolated by extract ion with ether and c rys ta l -
l i za t ion from CCI,,: m.p. 93-94° ( l i t . 5 93°); NMR (60 MHz, CC1J: δ 7.37 ( s , 
5H), 6.24-6.30 (m, IH, HC=), 5.17 ( d , 2Н, СН20, J=l Hz). 
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In the common procedure 0.1 mol of 1 was supplied with 1 mol% ZnCl? and then 
mixed with 0.15 mol of 2 (0.08 mol when R=Ph). The mixture was heated to the 
temperature and for the time given in Table I . After addit ion of pentane, 
containing 5 g of t r iethylamine, i t was f i l t e r e d and d i s t i l l e d . A l l products 
gave sat is fy ing NMR and MS data (M+ and M-0CH3). Some representative results 
given in the Table show that the reg iose lec t iv i ty of the reaction is determ-
ined by the ketene acetal as well as the epoxide used. Tetramethoxyethene 
(TME), the most e lectron-r ich ketene aceta l , attacks the epoxide always at 
the less hindered carbon atom. This route is also followed by other ketene 
acetáis, when the epoxide used cannot be opened to a stabi l ized dipolar in te r -
mediate (R=CH2C1). Styrene oxide (R=Ph) seems to add, however, as a dipolar 
reagent (РпСНЭ-СН2-0© ), formed by acid-catalyzed r ing opening, to a l l ketene 
acetáis except TME. 
ТаЫг 1 Synthe^-Lí, o{¡ 2,2-dÂ.me.thoxyteJyuihydfio{>uAan<!> 3a,b faom epoxides i? / \ 
and kttme. acefali R1R?C=C(0Me)
 2 
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a D e s t i l l a t i o n is accompanied by loss of product due to polymerization. 
bHeated without solvent. 
cHeated in an autoclave. 
dHeated in a c e t o n i t r i l e (30% s o l u t i o n ) . 
е
Ссб-#ідно mixture. 
^Calculated from the NMR spectrum; the product could not be d i s t i l l e d . 
Steric factors have a strong influence on the r e a c t i v i t y of the epoxide. Epox­
ides of cyclohexene, ß,3-dicyanostyrene and cinnamic acid methyl ester gave 
no conversion. 
Proton-catalyzed hydrolysis of the products 3 gives γ-hydroxy esters 4 
a f t e r short reaction times at low acid concentration, and γ-butyrolactones 5 
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Elimination of alcohol from compounds 3 with aluminium t.butoxide, as des­
cribed for analogous tetrahydropyrans6 was demonstrated with 3b (R=Ph, R 1 =H, 







Me *-Ph- ÙL OMe Me 
8 
With commercial butoxide the reaction f a i l s 1 , giving a γ-butyrolactone (5) . 
However, freshly prepared aluminium i.butoxide (free from hydroxyl groups) 
gave good results. 
I t was anticipated that the product 8, being a ketene aceta l , should be a 
reactive partner in cycloadditions with electron-poor π-systems. Indeed, with 
acry l ic aldehyde the product (9) was obtained in 1 h at room temperature 
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Chapter VI 
CHEMISTRY OF KETENE ACETALS l / I I . 
2-METHOKV-\4H]-PV1lMIS AS STRONG HWRWE OONORS IM REACTIONS WITH 
ElECTROPHILIC OLEFINS 
In combination with an invest igat ion of cycloadditions between ketene acetáis 
RR1C=C(0Me)2 (1) and e lec t roph i l i c alkenes or dienes1 we studied the react iv-
i t y of two types of cycLLc ketene acetáis, v¿z. 2-methoxy-5,6-dihydropyrans 
(2) and 2-methoxy-[4H]-pyrans (3) towards e lec t roph i l i c o le f ins . Especially the 
invest igat ion of the reac t i v i t y of the compounds 3 seemed worthwhile, because 
apart from a possible ef fect of the second double bond on the rate and equi-
l ibr ium constant of the expected cyclobutane formation, competing (2π + 2π + 
2π) cycloadditions or ene reactions might be induced by the presence of the 
1,4-pentadiene moiety in 3. Unti l now, Homo-Diels-Alder reactions of the re­
lated 1,4-cyclohexadienes have only been observed2 with compounds having a 
r i g i d structure l i k e norbornadiene, but ene reactions leading to benzene 
derivatives have recently been reported3 for simple 1,3- and 1,4-cyclohexa­
dienes in reaction with tetracyanoethylene (TCNE). 
РкгралаЛхоп o{¡ the. ajcLLc keXene. ααοΧαΙλ Î and 3 
The cycl ic ketene acetáis were obtained according to a procedure as used 
by McElvain1* in the preparation of the unsubstituted compounds 2a and 3a, 
viz. by el iminat ion of MeOH from the corresponding orthoesters 4 and 5 (Scheme 
1). McElvain converted 4a into 5a by ca ta ly t i c hydrogénation with Raney 
n icke l . 
A general method for the preparation of 2,2-dimethoxy-3,4-dihydropyrans 
(4) by ZnCl2-catalysed cycloadditions of ketene acetáis and α,β-unsaturated 
carbonyl compounds was recently described5. Their c a t a l y t i c hydrogénation us-
ing Pd on charcoal as a catalyst to the corresponding tetrahydropyrans (5) did 
not appear to be completely general; 4d and 4f underwent mainly hydrogenolys-
is of a MeO-bond, y ie ld ing the 6-keto esters 6d and 6f (c f . réf. 6) . The de-
v iat ing behaviour must be due to the presence of a Me-substituent (R3) at the 
double bond; a s imi lar hydrogenolysis of an orthoester bond was observed with 
2,2,3,3-tetramethoxy- and 2,2-dimethoxy-3,3-dimethyl-dihydropyrans (Scheme 2) 
when a Me-substituent is present at the o le f i n i c bond (see Experimental Part, 
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The c y c l i c ketene ace tá i s are s e n s i t i v e to oxygen (3 more than 2 , e s p e c i a l l y 
when R1 = H), giving brown sirupy l iquids due to polymerisation7. They can 
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well be stored, however, under nitrogen at -30 С 
CycZoaddUxoni o(¡ 2 with cU.cyanoityfLe.ne. 
The cycl ic ketene acetáis 2 dissolved in chloroform react qual i ta t ive ly 
s im i la r l y 1 with an equivalent amount of dicyanostyrene as the non-cyclic 
ketene acetáis 1, y ie ld ing a cyclobutane 8, via a reversible cycloaddition 
(Scheme 3). 
Sc.he.me. 3 
\ 0 / 0 M e 
OMe 
H R H R 2 * 
8 
With 2b (R1 = Me, R2 = H), reacting at room temperature, the ratio 8/2b (ca 1) 
at equilibrium appeared, however, much lower than in the analogous reaction 
of (Me)2C=C(0Me)? and dicyanostyrene (ratio ca 9). The NMR spectrum of the 
product 8: 6: 1.25 (s, 3H); 1.22-1.78 (m, 4H); 3.20 (s, IH); 3.51 (s, 3H); 
4.00 (t, 2H); 7.42 (s, 5H), showed only one sharp singlet for the OMe as well 
as the Me-protons, suggesting that a single isomer had been formed. Its con-
figuration has not been established, but in view of the equilibration it may 
be supposed that it was the most stable isomer1 (fiam, Piani 8, R1 = Me, 





Whereas 2b reacted very smoothly with dicyanostyrene at fwom іетрелаХилг, Ze 
did not even react at 60 °C. An explanation might be that the conformational 
equil ibrium of the cycl ic ketene acetáis 2 is shi f ted to the conformation a, 
when R1 and R2 are Me-groups. In that conformation (see Figure 1) , having R2 
in the pseudo-axial pos i t ion , i t s interact ion with R1 is minimized, but ap-
proach of the electrophi le to C(ß) is hindered at both sides of the o le f i n i c 
bond. 
Reactions o& 3 utiXh еЛссХлорклЛАс o¿e.&¿ni 
When the reaction of equimolar amounts of 3d and dicyanostyrene dissolved 
in chloroform was followed by NMR at room temperature, i t appeared that af ter 
ca 30 min the cyclobutane derivat ive 9 (R1=R2=H; R3=Me) was present for near-
ly 95%. NMR: 2.00 (b r . s , 3H); 1.90-2.20 (m, 2H); 2.30-2.80 (m, IH); 3.15-3.30 
(m, IH); 3.60 (s , 3H); 4.60-4.90 (m, IH); 7.40 (s, 5H). 
The sharp singlets for OMe (3.60 ppm) and C6H5 (7.40 ppm) suggested that 
again only one. ілотип had been formed. After long reaction times the cyclo-
butane gradually disappeared, u n t i l u l t imately a product remained as might be 
expected from an 'ene' react ion 3 » 9 followed by r ing opening viz. the α,β-γ,δ-
unsaturated ester 10 (R1=R2=H; R3=Me). I t s structure was probably the слл-
a,g-^7iawA-Y,6-isomer (see f u r t h e r ) 1 2 . 
Apparently, the cyclobutane derivative is formed in a fast equil ibrium re­
act ion, whereas the formation of the ester is a much slower process (Scheme 4). 
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In the reactions of 3b, 3e and 3f with dicyanostyrene at room temperature the 
corresponding, unsaturated esters 10 were obtained, but in these cases pre­
vious formation of a cyclobutane (9) was not observed. 
In order to study the influence of substituents in 3 on the re lat ive rates 
of the competing reactions (cyclobutane formation and ester formation) we 
measured h a l f - l i f e times ( t j ) for the formation of 10 under standardized and 
equal concentrations of 3 and e l e c t r o p h i l i c o l e f i n at 20 °C. Under these con­
dit ions t|-values can be used as re lat ive reaction rates. 
The results (Table 1) show, that Me-substituents at C(4) or C(6) in 3 
accelerate the formation of 10 considerably (exp. 3 and 4, re lat ive to 2) . 
The e f f e c t of Me at C(6) is about twice as large as Me at C(4). The ef fect of 
a Me-group at C(3) on the formation of 10 is less clear; the very slow ester 
formation from 3d (exp. 1) is mainly due to the low concentration of 3 during 
the experiment as a consequence of the cycloaddit ion. I t seems quite c e r t a i n , 
however, that a Me-substituent at C(3) retards the cyclobutane formation con­
siderably; even with the compound 3b ( t | = 6 h) no cyclobutane formation was 
observed. 
In s imi lar experiments we studied the influence of the composition of the 
e l e c t r o p h i l i c o l e f i n on t\. Olef ins, in which both R1* and Rb are alkyl or 
aryl residues react much slower with 3f than dicyanostyrene (exp. 5-7); in 
a l l three cases the reaction rates were unmeasurably low at room temperature. 
Replacement of a CN-group in dicyanostyrene by the weaker electron-withdraw­
ing COOEt-group (exp. 8) has a small retarding e f f e c t ; the introduction of a 
ралд-nitro group in the phenyl r ing (exp. 9 and 10) has a reversed influence. 
Stronglye lectrophi l ic o l e f i n s , containing three or four electron-withdrawing 
groups react extremely fast with the compounds 3 at room temperature. With 
3b and 3e unsaturated esters, corresponding to 10 are obtained (exp. 11-13); 
3f in reaction with tricyanostyrene gave, however, an a-pyrone (11) as a 
second product (together with α,β,β-tricyano-propylbenzene 12) (exp. 14). 
In the reactions of 3f with α,β-dicyano-ethylene dicarboxylic acid diethyl -
ester or TCNE formation of the a-pyrone (11) was the only observed reaction 
(exp. 17 and 18, see Scheme 5). 
The formation of a product mixture, containing 10 and 11 (+ 12) as observ­
ed in exp. 14 was also found in reactions of 3f with other olefins containing 
three electron-withdrawing groups (exp. 15 and 16). 
Determination of the re lat ive amounts of the products by integration of 
the character ist ic NMR signals for double bond protons in 11 (δ = 5.90 and 
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7.06 ppm, J=7 Hz) and in 10 (6 6.20-7.70 and 7.40-7.60 ppm, J=ll Hz) showed 
that the ratio 11/10 increased with the electrophilicity of the olefin used. 
Scheme. 5 
OMe Y CN 
• HÇ—C^-Me 




Table I Relative fieaction Matei [t 1/2) o{ the {¡amotion o{ the piodaet IQ 
[on. Π) {nom 1.8 mmolei of, 3 and 1.8 rumo lei o{ an electtophllta 








































































































^ C = 





















































































10 and 11 + 12* 
10 and 11 + 12* 
10 and 11 + 12* 
11 and 13 

































< 1 s 
<20 s 
<10 s 
< 1 s 
^Corresponding to compound 10, but with other substituents. 
The exp. 15 and 16 were executed at 60 °C to secure completion of the reaction. 
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The very large influence of the number and nature of electron-withdrawing 
substituents in the e lectrophi l ic o l e f i n on the rate of the formation of 10 
and on the formation of the a-pyrone 11 ( i n the experiments 14-16) make i t 
rather improbable that the reactions proceed as a r e a l , concerted ene reac­
t i o n 9 , followed by ring-opening or e l iminat ion. I t is more problable that the 
primary and rate-determining step is the abstract ion 1 0 of a hydride ion from 







Subsequent attack of 15 on C(6) in 14 might lead to esters like 10, having on­
ly one configuration12, whereas nucleophilic substitution13 on the OMe-group 
should yield an a-pyrone. A rate-determining step as formulated in Scheme 6 
explains the accelerating effects of Me-substituents at C(4) and C(6) (R2=Me 
or R3=Me) as they cause additional stabilization of 14; after correction of 
the rates Зе+14 and 3f-*14 for a statistical factor, the effects of R3=Me and 
R2=Me appear nearly equal as expected. 
In order to consolidate the formation of the ionic intermediates 14 and 
15 as the initial step in the mechanism of the formation of 10 (and 11) we 
repeated several experiments at considerably lower temperatures, in the hope 
of finding indications for the occurrence of intermediates. 
All these experiments revealed that during the course of the reaction (at 
low temperature) transient NMR-signals appear, which cannot be ascribed to 
the starting compounds or the final products. In most cases, however, further 
identification was not possible. Exceptions were the repeatments of the ex­
periments 4 and 7 at low temperature, which will be described in more detail. 
The reaction of 3f with dicyanostyrene (exp. 4) was followed in an NMR-
tube at -30 °C. After 3 days signals of the product 10 were still not ob­
served; the presence of a cyclobutane derivative 9 (not observed at room 
temperature) was, however, apparent from the occurrence of a novel set of 
signals different from that of 3f (see Table 3) and corresponding to that of 
the cyclobutanes 9· 
30 
i 1.40 ( s , ЗН, С(З)-СНз); 1.90-2.2 (m, 2Н, Н2С(4)); 2.00 (broad s, ЗН, 
С(б)-СНз); 3.18 ( s , IH, cyclobutane proton); 3.60 ( s , ЗН, 0СН3); 4.64-4.90 
(m, IH, C(5)-H); 7.35 ( s , 5Н, Ph). 
Repeatment of the experiment at -10 С gave a f t e r one day a more complex 
spectrum. Careful analysis showed that 3f was s t i l l present and 10 had a l ­
ready been formed. Subtraction of the spectra of 3f and 10 from the complete 
spectrum l e f t a set of weak signals (ca 10%) at б 1.70 ( s , ЗН); 2.04 ( s , ЗН); 
3.29 ( s , 2H); 3.72 ( s , ЗН); 3.93-4.13 (m, IH); 4.90-5.14 (m, IH); 7.34 ( s , 
5H). 
In comparison with 3f the signals of C(3)-CH3, C(6)-CH3 and 0CH3 are at 
lower f i e l d (Δ6: 0.1-0.3): the o l e f i n i c proton C(5)-H is even more shi f ted 
downfield (Δδ: ca 0.5). 
Instead of the mvlXLplzt at 2.56-2.72 (C(4)-H7) a novel ііщІеХ is present 
at δ 3.39 (2H) and a multiplet (IH) at δ 3.93-4.13. 
Accepting that the compound is an adduct of 3 and dicyanostyrene the most 
probable s t r u c t u r e 1 1 » 1 2 is 16; for the isomers 17 and 18 containing two ole­
f i n i c protons, the signal for H-C(4) at 3.93-4.13 would be at lower f i e l d 
(see Figure 2). 
Figure. I 
Me OMe Me 
(NC^C-C^Ph C(CN]¿CH¿Ph 




16 17 18 
In a similar way we repeated the exp. 17 at -60 С On mixing of the react-
ants a purple coloration, due to charge-transfer complexation, was immediate­
ly observed. After ca 5 min the coloration disappeared and after 30 minutes 
a complex NMR-spectrum was traced, in which no signals of the final product 
(11) could be detected. Careful analysis showed apart from the starting com­
pound 3f the presence of probably two other compounds. One set of signals: 
δ 1.3 (s, ЗН); 1.84 (m, 2H); 2.05 (broad s, ЗН); 3.65 and 3.70 (2xs, ЗН); 
4.60-4.78 (m, IH); 4.04-4.45 (m, 4H) and 1.20-1.45 (m, 6H), pointed to be 
8i 
cycloaddition product (19). The remaining singáis б 1.94 (broad s, 6H); 3.26 
( s , ЗН); 4.90 ( s , IH); 4.80-5.15 (m, IH); 5.95-6.15 (m, IH); 4.04-4.45 (m, 
4H) and 1.20-1.45 (m, 6H) might best be ascribed to the 'ene-product' (20) 
because of the presence of two o l e f i n i c protons. On longer reaction times 








In view of these results we propose the mechanism given in Scheme. 7 for the 
reactions of cyc l ic ketene acetáis 3 with e lec t roph i l ic o le f ins . Cyclobutane 
derivatives seem to be in a l l cases the k ine t ica l l y determined products, but 
in most cases the i r formation cannot be observed at room temperature. The 
cycloaddition is a reversible process and the abstraction of a hydride i o n 3 ' 1 0 
from 3 by the e lec t roph i l i c o le f in leads ult imately via an i r revers ib le step 
to more stable end-products. The intermediate ions 14 and 15 can recombine in 
several ways. The preferent ia l point of attack by nucleophiles in pyrylium 
ions is C(4), at least when this posit ion is unsubstituted11 (R2=H). The re-
su l t ing product (cf 16) cannot react fu r ther , however. Attack of 15 at C(2) 
in 14 leads to an 'ene-product', which might undergo ring-opening to dienone12 
(21). This poss ib i l i t y has never been observed, however. 
The other 'ene-product', formed by at tact at C(6), can undergo ring-open-
ing to an α,β-γ,δ-unsaturated methyl e s t e r 1 2 . This appears the generally ob-
serverd product. Deviations of th is main route are only observed in reactions 
of ketene acetáis, in which posit ion 6 is methylated, with strongly e lectro-
ph i l i c o le f ins . In those cases the intermediate anions (15) are very soft 
nucleophiles13 , par t i cu la r ly useful in nucleophil ic subst i tu t ion. The increased 








































Melting points were uncorrected. IR spectra were recorded on a Perkin-Elmer 
297 spectrophotometer. Ή NMR spectra were measured with a Varían T-60 or a 
Bruker 90 Mc spectrometer in CCli, or CDC13 solut ion and with TMS (δ = 0) as 
an internal standard. Mass spectra were obtained using a double focussing 
Varian Associates SM IB spectrometer. 
The s t a r t i n g compounds 4a1*, 4b, 4e and 4f b had been described previously: 
4c and 4d were prepared according to the general procedure given in ref . 4. 
4c: Yield 40%; b.p. 48-50 °C/14 mmHg; NMR б 1.01 ( d , 3H, J=7, C(3)CH3); 1.36-
2.69 (m, 3H, C(3)H; С(4)Н?); 3.26 ( s , ЗН, С(2)0СН3); 3.36 ( s , ЗН, С(2)0СН3); 
4.49-4.72 (m, IH, С(5)Н); 6.02-6.25 (m, IH, С(б)Н). 4d: Yield 60%; b.p.^50°C/ 
14 mmHg; NMR 6 1.61-2.28 (m, 4H, C(3)H2, С(4)Н2); 1.78 (broad s, ЗН, С(б)-
СН3); 3.31 ( s , 6Н, С(2)0СН3); 4.36-4.63 (m, IH, С(5)Н). The e lectrophi l ic 
olef ins mentioned in Table I were prepared by methods described in ref . 14. 
Catalytic »mduction o(¡ compounds 4 and 7h 1 5 
A 2,2-dimethoxy-3,4-dihydropyran (25 mmoles) was dissolved in dry dioxane 
(50 ml ) , to which 5 mol % Pd/Cwas added. The mixture was shaken at room temp-
erature, whereas an atmosphere of hydrogen was maintained in the vessel un t i l 
one equivalent of hydrogen had been consumed. Then the catalyst was removed 
by f i l t r a t i o n , the solvent evaporated in vacuo, and the residue d i s t i l l e d i n -
to a receiver, previously washed with a l k a l i . Yields, physical and spectros-
copic data of the product (5 and 6) are given in Table I I . 
Px-zpaâation o$ 2-m<¿tkoxy-b,b-dihydno-\4\\\-py>xjanb (2) and 2-rmthoxy-[4H}-
pyiani ( 2 ) "* 
A cycl ic orthoester (4 or 5, 30 mmoles) was slowly added during 30 min to 
an equivalent amount of A l (0 t -Bu) 3 , which was heated to 170 °C. The mixture 
was l e f t at that temperature for the time given in Table I I I . After comple-
t ion of the reaction t e r t . butanol and the desired product were successively 
d i s t i l l e d in vacuo from the reaction mixture. The products (2 and 3) were re-
d i s t i l l e d , but remained contaminated with small amounts of the s tar t ing com-
pound (4 or 5). Yields, b.p. 's and NMR-data are given in Table I I I . 
2,4-Hzpta.diznoic muthyt utnu ^nom compounds 3 and eZzcViophLLLc оіг&іпі 
An appropriate e l e c t r o p h i l i c o l e f i n (3.6 mmoles, R''R5C=CXY, see Table I ) 
Bk 
was dissolved in chloroform (5 ml) in a round-bottom, previously washed with 
alkali. The solution was heated to 40-60 С and then a cyclic ketene acetal 
(3), (4.0 mmoles) was added. The mixture was left at the temperature given in 
Table IV. After cooling to room temperature the solvent and excess of 3 were 
removed by distillation In vacuo. In some cases (see Table IV) the product 
could be crystallized from the residue. In most other cases the product could 
not be obtained analytically pure, and was only characterized by IR, Mass and 
NMR (purity about 95%). 
In the reactions of 3f with PhC(CN)=C(CN)?, Et00C(CN)C=C(CN)C00Etand (NC)2C= 
C(CN)? the reagents were mixed at room temperature and the residue which was 
left after removal of the solvent was extracted several times with pentane. 
The combined extracts were concentrated In vacuo. Column chromatography of 
the residue (silicagel, eluent CCl^/diisopropyl ether 2/3) gave in all three 
cases pure 3,6-dimethyl-a-pyrone (11) in ca 70% yield: m.p. 58-60 °C; IR 
(ν cm" 1), 1715 (C=0), 1645 and 1590 (C=C); NMR: & 2.07 (s, ЗН); 2.23 (s, ЗН); 
5.88 (d, IH, J=7); 7.02 (d, IH, J=7); mass (m/e): 124 (M+); 96 (М+-С0); 
С 7Н 90 2 (124.134). Cale. С 67.72; H 6.49. Found: С 67.50; H 6.40. 
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5g: 1.15-2.00 (m, 4H); 3.16 (s, 6H); 3.28 (s, 6H); 
" 3.50-3.75 (m, 2H) 
6i: 2.09 (s, 3H); 1.90-2.70 (m, 4H); 3.03 (s, 6H); 
3.86 (s, 3H) 
5h: 0.97 (s, 6H); 1.48-1.67 (m, 4H); 3.27 (s, 6H); 
" 3.60-3.80 (m, 2H) 
6j: 1.09 (s, 6H); 1.45-1.95 (m, 2H); 1.99 (s, 3H); 
" 1.95-2.50 (m, 2H); 3.46 (s, 3H) 
aProduCtS 5 do not ShOW VQ_Q Or Vç_g 
Ьд character ist ic difference between products 5 and 6 is the occurrence or absence of M+-l peaks in the mass 
spectrum 
Compounds were a f t e r work-up more than 95% pure, d i s t i l l a t i o n gave some decomposition and lowered the p u r i t y , 
determination of the b o i l i n g point was not exact therefore. 
Table. Ill Р>і2.рала£соп o¡$ cyclic kztiine. acztoLi 1 and 3 
Product 
3b 
H ^ O ^ O M e 
H ^ ^ M e 
H H 


























LH NMR (CDCI3) 
1.53 ( s , ЗН, С(З)-СНз), 2.60-2.73 (m, 2H, C ( 4 ) - H 2 ) , 3.61 ( s , 3H, C(2)-0CH 3 ); 4.64-4.87 (m, I H , C ( 5 ) - H ) , 6.16-6.33 (m, 1H, C(6)-H) 
1.08 ( d , 3H, J=7, C ( 4 ) - C H 3 ) , 1.57 ( s , 3H, C ( 3 ) - C H 3 ) , 
2.67-2.91 (m, 1H, C ( 4 ) - H ) , 3.61 ( s , 3H, C(2)-0CH 3 ), 
4.61-4.78 (m, 1H, C ( 5 ) - H ) , 6.17-6.31 (m, I H , C(6)-H) 
1.52 ( s , ЗН, С(З)-СНз), 1.76 (broad s, ЗН, C ( 6 ) - C H 3 ) , 
2.56-2.72 (m, 2H, C ( 4 ) - H 2 ) , 3.62 ( s , ЗН, С(2)-ОСН 3 ), 
4.42-4.58 (m, I H , С(5)-Н) 
1.08 ( d , ЗН, J=7, С ( 4 ) - С Н 3 ) ; 2.74-3.24 (m, 1Н, С ( 4 ) - Н ) , 
3.54-3.81 (m, 1Н, С ( З ) - Н ) , 3.59 ( s , ЗН, С(2)-0СН 3 ), 
4.54-4.88 (m, 1Н, С ( 5 ) - Н ) , 6.11-6.31 (m, 1Н, С(6)-Н) 
ТаЫг 111 Cont¿nu.e.d 
3d 
M e v ^ O . - O M e 
H H 
H H 










1.76 (broad s , 3H, C(6) -CH 3 ) ; 2.64-2.91 (m, 2H, C ( 4 ) - H 2 ) ; 
3.55-3.82 (m, I H , C (3 ) -H ) ; 3.58 ( s , 3H, C(2)-0CH3 ) ; 
4 .43-4.66 (m, 1H, C(5)-H) 
1.22-1.78 {m, 2H, C ( 5 ) - H 2 ) ; 1.56 ( s , 3H, C(3) -CH 3 ) ; 1.89 
(broad t , 2H, J=4.5 , C ( 4 ) - H 2 ) ; 3.58 ( s , 3H, C(2)-0CH3 ) ; 
4.00 (broad t , 2H, J=4.5 , C(6)-H2 ) 
1.02 ( d , 3H, J=7, C(4) -CH 3 ) ; 1.24-1.80 (m, 2H, C ( 5 ) - H 2 ) ; 
1.56 (broad s , 3H, C(3) -CH 3 ) ; 1.67-2.11 (m, I H , C(4) -H; 
3.57 ( s , 3H, C(2)-0CH3 ) ; 3.99 ( t , 2H, J=5, C(6)-H2 ) 
Table. Il/ PizpaAotion o{¡ 2,4-he.pta.dizno¿c me¿hy¿ utíU 10 {¡lom 3 and elzctiophltic olivini 
Compound 
МеООС H CN (Ci7Hi602N2) 
С = С - С = С - С - СН2 - Ph 
Me Η Η ¿Ν
 m 
(Exp 2) 
МеООС H CN ( C i 8 H l e 0 2 N 2 ) 
С = С - С = С - С - СН2 - Ph 
Me Me Η ¿Ν ^ 
(Exp 3) 
МеООС Me CN ( C i e H l e 0 2 N 2 ) 
C = C-C = C-C-CH 2 - Ph 
Me H H CN 10c 
(Èxp 4) 
MeOOC Me CN (Ci7H1602N2) 
C = C- C = C - C- CH2 - Ph 
Η Η Η ¿Ν
 ] Μ 
(Exp 1) 
MeOOC Me CN (C2„H220..NBr) 
С = С - С = С - С - СН2 - PhmBr 
Me Η Η COOEt



























o i l 
o i l 
o i l 
o i l 
Elemental An. 
cale found 
С 72.84 72.59 
H 5.75 5.73 
Ν 9.99 9.80 
С 73.45 73.80 
Η 6.16 5.80 
Ν 9.52 9.80 
IR 
(ν cm"1) 
ν ™ : 2240 
v C = 0 :1710 
v c = 0 :1710 
vru: 2250 




v r N : 2245 
V C = 0 : 1 7 4 ° 
- c = o : 1 7 1 ° 
'H NMR (CDCb) 
2.02 (broad s, 3H, C(2)-CH3); 3.29 ( s , 2H, C(7)-H 2 ); 3.78 ( s , 3H, 
C(l)-OCHj), 5.68 ( d , IH, J'=15, 
C(5)-H); 6.37 (broad d, 1H, J"=11, 
C(3)-H); 7.36 ( s , 5H, C(7)-Ph); 7.69 
(dd, 1H, J'=15» J"=11, C(4)-H) 
1.91 (broad s, 3H, C(3)-CH3); 2.02 (broad s, 3H, C(2)-CH3); 3.32 ( s , 2H, 
C(7)-H 2 ); 3.80 ( s , 3H, C(1)-0CH3); 
5.66 ( d , 1H, J=15, C(5)-H); 7.40 ( s , 
5H, C(7)-Ph); 7.52 ( d , 1H, J=15, 
C(4)-H) 
2.02 (broad s,-6H, C(2)-CH,, C(5)-CH3) ; 
3.29 ( s , 2H, C(7)-H 2 ); 3.72 ( s , 3H, 
C(1)-0CH3); 6.61 (broad d , IH, J=11. 
C(3)-H); 7.34 ( s , 5H, C(7)-Ph; 7.52 
(broad d , IH, J=11, C(4)-H) 
2.10 (broad s, 3H, C(5)-CH3); 3.36 ( s , 
2H, C(7)-H 2 ) ; 3.76 ( s , 3H, C(1)-0CH3); 
5.93 ( d , 1H, J=11, C(2)-H); 6.82 ( t , 
1H, J=11, C(3)-H); 7.39 ( s , 5H, 
C(7)-Ph); 7.87 (broad d , 1H, J=11, 
C(4)-H) 
1.27 ( t , 3H, J=7, EtO-); 1.96 (broad 
d. 3H, C(5)- CH3); 2.04 (broad s, 3H, 
C(2)-CH3); 3.16 and 3.50 (AB p a t t e r n , 
2H, 0=14, C(7)-H 2 ); 3.77 ( s , ЗН, 
С(О-ОСНз); 4.25 ( q . 2Н, J = 7, EtO-); 
6.ò7 (broad d , 1H, J"=11, С(З)-Н); 
7.07-7.60 (m, 5H, C(4)-H, C(7)-Ph) 
Table. If CüivUnuíd 
(C17H2006N2) 
МеООС H CN COOEt 
С =C - С = C-C-CH-(CN) 




MeOOC H CN COOEt 
1 . / 
C = C-C = C-C-CH-(CN) 
Me Me H COOEt
 1 0 
(Exp 12) 
MeOOC Me CN Н у — , 
C=C-C=C-C-CH У 
Me Η Η ¿Ν X ^ ? 9 
(Exp 7) 
MeOOC Me CN 
С = C - C = C- С- CH2 - Ph 
Me H H COOEt -?-
(Exp 8) 
MeOOC Me CN 
С = C- C = C- C-CH2 - Ph- pN02 
Me Η Η CN lOf (Exp 9) 
MeOOC Me CN 
С =C -C =C -C -CH2 - Ph -pN02 
Me Η Η COOEt















С 58.61 58.45 
Η 5.79 5.79 







: 1 7 5
° 
vC=0:1710 
1.37 (t, 6H, J=7, EtO-); 2.03 (broad 
s, ЗН, С(2)-СН
Э
); 3.82 (s, ЗН, 
С(І)-ОСНз); 4.37 (q, 4H, J=7, EtO-); 
4.47 (s, IH, C(7)-H); 5.85 (broad d, 
1H, J'=15, C(5)-H); 6.46 (broad d, 
IH, J"=11, C(3)-H); 7.90 (dd, 1H, 
J'=15, J"=11, C(4)-H); the other dia-
stereoisomer : 6.02 (broad d, 1H,J ' = 1S. 
C(5)-H);6.46 (Droadd, 1H, J"=11, 
C(3)-H); 7.86 (dd, 1H, J'=15,J'=11,C(4)-H) 
1.37 (t, 6H, J=7, EtO-); 1.94 (broad 
s, 3H, C(3)-CH3); 2.02 (broad s, 3H, 
C(2)-CH3); 3.82 (s. 3H, C(1)-OCH3); 
4.37 (q, 4H, J=7, EtO^; 4.51 (s, 1H, 
C(7)-H); 5.72 (d, 1H, J'=15, C(5)-H); 
7.58 (broad d, 1H, J'=15, C(4)-H); 
the other diastereoisomer : 5.88 (d, 
1H, J ' =15, C(5)-H); 7.40 (broad d, 
IH, J'=15, C(4)-H) 
1.70-2.10 (m, 10H); 2.05 (broad s, 
6H); 3.75 (s, 3H); 6.49 and 7.42 
(AB pattern, 2H, J=11). Tertiary 
proton hidden beyond multiplets 
(1.70-2.10) 
1.33 (t, 3H, J=7); 2.00 (broad s, 6H); 
3.46 (s, 2H); 3.68 (s, 3H); 4.13 (q, 
2H, J=7); 6.63 (broad d, 1H, J=11); 
7.27 (s, 5H); 7.58 (broad d, 1H, 
ϋ= 11 ) 
2.10 (broad s, 6H); 3.45 (s, 2H), 
3.75 (s, 3H); 6.58 (broad d. 1Η. J = 11 ) ; 
7.48 (broad d, IH, J=11); 7.53 and 
8.22 (AB pattern, 4H, J=9) 
1.33 (t, 3H, J = 7); 2.05 (broad s, 6H) ; 
3.40 (s, 2H); 3.75 (s, 3H); 4.13 (q, 
2H, J=7); 6.62 (broad d, 1H, J=11); 
7.53 and 8.22 (AB pattern, 4H, J=9); 
one proton hidden byond the aromatic 
AB pattern ~7.50 H-C(4) 
Table. IV Continued 
MeOOC Me CN Me 
С = С - С = С - С - СН - Ph 
Me H H CN 
(Exp 5) 
MeOOC Me CN 
С = С - С = С - С*- СН2 - CN 
Me H H COOEt 
(Exp 15) 
MeOOC Me CN 
С = C- С = C- C- CH2-C00Et 
Me H H COOEt 
(Exp 16) 
MeOOC Me CN CN 
C = C-C = C - C - C H - P h 






1.66 (s, 3H); 2.02 (broad s, 6H); 
3.43 (s, 1H); 3.72 (s, 3H); 6.34 (d, 
1H, J=11); 7.34 (s, 5H); 7.59 (d, 1H) 
J = 11) 
2.02 (broad s, 6H); 3.72 (s, 3H); 6.2!) 
(d, 1H, J = 11) ; 7.60 (d, 1H, J = 11) 
1.27 (t, 3H, J=7); 1.32 (t, 3H, J=7): 
2.02 (broad s, 6H); 3.72 (s, 3H); 
4.16 (q, 2H, J=7); 4.27 (q, 2H, J=7); 
6.66 (d, 1H, J=11); 7.42 (d, 1H, 
J = 11) 
2.02 (broad s, 6H) ; 3.70 (s, 3H); 
6.32 (d, 1H, J=11), 7.05 (d,1H,J=11); 
7.30 (s, 5H) 
*0nly performed on a NMR scale, products were not futher purified. 
Chap te r VII 
ACW-CATALVIEO HVVÌIOLVSIS AND METHANOLVSIS OF 
2,2-VlMETHOXV-3,4-VlHyVKOPVRANS. 
INFLUENCE OF SUBST1TUENTS AND SOLVENT SVSTEM 
ON THE PRODUCT FORMATION 
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Chapter VII 
ACW-CATALV2EO HWWLVSÏS ANV METHANOLYSIS OF 
2,2-OIMETH0Xy-3,4-OIHYOR0PVRANS. 
INFLUENCE OF SUBSTITUENTS ANO SOLVENT SYSTEM 
ON THE PROVUCT FORMATION 
In a preceding paper1 (Chapter II) we showed that 2,2-dimethoxy-3,4-dihydro-
pyrans (1) can generally be synthesized via ZnCl2-catalyzed cycloadditions 















1 α - Ι 
I t is known2'3 that the acid-catalyzed hydrolysis of the unsubstituted 2,2-
dialkoxy-3,4-dihydropyrans in a homogeneous medium proceeds quite speci f ica l­








Applying the same procedure to a large series of 2,2-dimethoxy-3,4-dihydro-
9b 
pyrans (la-1) we found that not only the rate of the hydrolysis but also the 
s e l e c t i v i t y of the reaction depends on the presence and nature of subst i tu-
ents in 1; in several cases 3,4-dihydro-a-pyrones appeared to be formed as 
serious side-products. For that reason we studied the hydrolysis of the com­
pounds 1 in more detai l under various condit ions. In addit ion the re lated, 
acid-catalyzed methanolysis of the compounds 1 was investigated. 
RESULTS 
Following the hydrolyses of l a - j in a 1:1 water/dioxane mixture at pH 4 with 
NMR i t appeared that the rate of the reactions decreased in the order 
l a , b > l c , d , e > l j > l f , g » l h , i . 
For pract ical purposes the hydrolysis of the compounds l h , i , both contain­
ing two substituents at C(3) has to be done at lower pH (pH Μ ) , and the same 
applies to I f , having Me-substituents at C(3) and C(5). 
In a l l cases δ-keto esters (3) could well be isolated in yields between 
60 and 80%, the products are characterized in Table I I . NMR spectra of the 
reaction mixture, before p u r i f i c a t i o n , revealed however, that 3 was not a l ­
ways the only product. Especially from compounds 1, containing two ( l f , g ) or 
three ( lh) methyl groups, a 3,4-dihydro-a-pyrone (4) arose as a side-product. 
When the hydrolyses of 1 were performed in an inhomogeneous reaction mixture, 
by addition of 1 to a c i d i f i e d water (pH Ή ) the formation of the side-prod­
uct (4) was more general. In nearly a l l cases 4 appeared to be present in the 
reaction mixtures, which remained, a f t e r 1 had been completely disappeared. 
Moreover, a second side-product, u-tz.the 6-keto acid (5) arose under those 
conditions (Scheme 3). 
A further increase of the amounts of side-products was atta ined, when the 
hydrolyses were performed in a clear two-phase system, by addit ion of a solu­
t ion with NaCl or NH,,N0j. Under these conditions variable amounts of the 
methanolysis products (6) were sometimes found (see Scheme 5) as a t h i r d 
side-product. 
The presence of the various side-products was recognized from the NMR-
spectra of the reaction mixtures. 
The occurrence of 3 appeared from one or two signals of v i n y l i c protons, 
between 4.65 and 6.70 ppm, where the other products do not show absorption. 
97 
Schirm 3 




a i R ^ R ^ ^ H ; 
ГгіЛ^ 
3 f? 5 2 1 
R-C(0)CH-CHR-CRR-COOMe 
MeOH 





e: R^R^hhR 1 , R^Me; 
f: R ^ R r H ; R1,R4=Me; 
g: R^R^R^HíR^R^Me; 
h: R^zHhR1 , R2,R3=Me; 
i: R3R;R5=HMR1, RÍOMe; 
j : tf.Rftf.R^H
 ; ^=ОМе ; 
For 6-keto esters (3) and δ-keto acids (5) the proton signals of the terminal 
group (HCO for compounds having R^H, CH3C0 for compounds having R3=Me) are 
nearly coinciding. When 5 is present the in tens i ty of the C0CO3-signal (fi 
ca 3.60 ppm) does not correspond with the in tens i t ies of the HC0-orCH3C0-
s i g n a l , as would be expected for pure 3, but is lower. Moreover, a weak C00H 
is then v i s i b l e at δ ca 11.10 ppm. 
In the NMR-spectra of the methanolyses products (6) the positions of 
proton signals from the terminal group (HC(0Me)2 or СД3С(0Ме) ) is quite d i f ­
ferent from those of 3 or 5; HC(0Me)2 δ 4.2; HCO ca 9.5 ppm; CH3(0Me)2 δ ca 
3.6, CJH3C0 ca 2.5 ppm. Moreover, these compounds cause the occurrence of an 
addit ional s inglet of the acetal protons at δ ca 3.10. 
Based on these differences rough estimates of the product ratios could be 
made from the NMR spectra of reaction mixtures, obtained in the two phase 
system (CH3Cl/acidified water, saturated with NaCl). These data are repres­
ented in Table I . I t could be established that the main-products 3 are quite 
stable under the circumstances of the hydrolysis experiments; apparently 4 
does not arise as a secondary product from 2, but d i r e c t l y from 1. 
Table. I Rzlativz Amoanti o{¡ thz 6-kzto z&tzu and 3,4-dihydKo-a-pyn.onzi, 
{¡fwm thz hydfiolyòzi of, 2,2-dimzthoxy-3,4-dihydAopyianz& in thz two 
phaiziyitzm d¿ch¿ofiom¿thanz/uxiteA [acid] ia-tiviatzd with NaCJL 
Compound 
RyoJoMe 








































































































Furthermore, i t appeared that prolonged reaction times and higher temperatures 
decreased the amounts of 4 in favour1* of those of 5. Apparently 5 arises via 
further hydrolysis of 4 (Scheme 4). 
Scheme. 4 











и s 1 
3 Ρ f? Ч 
R -Ç-CH-C-C-COOH 
Π I І2 
О H R 
5 
зэ 
The origin of 6 must be ascribed to the occurrence of increasing amounts of 
methanol, liberated during the hydrolysis, in the organic phase, which con­
tains the bulk of the parent compound (1). 
The acid-catalyzed methonolyses of the compounds 1 led always to an acetal 
of δ-keto ester (6) as the sole product; the reactions proceed without any 
polymerization and give high yields of 6 (in most cases ca 90%) (Scheme 5, 




OMe H φ 
MeOH 
MeO Rb R5 R1 
R -C-CH-C-C-COOMe 
1
 I І2 
MeO H R 
б 
ents in l i n a similar way as the hydrolysis compounds la,b,ç can be trans-
formed into 6a,b,с at [H+] 10" 5, even at room temperature, within ca 5 hrs; 
in boiling methanol these methanolyses are complete after ca 15 min. On the 
other hand, li needs 2.5 hrs at [H+] IO"5 in boiling methanol for complete 
conversion, and lg and lh do not react at all under these conditions; the 
[H+] has to be lowered to ca 10"3 in order to reach complete methanolyses 
without a reasonable time (2.5 hrs) in boiling methanol. 
The products 6 can be subjected to specific further hydrolyses. In an acid­
ified aqueous solution (pH ca 5) hydrolysis can be restricted at room tem­
perature to the acetal function (Scheme 6). 
Schejnz 6 
MeO R
 ( A 









Saponification of the ester function in a sodium hydroxyde s o l u t i o n , followed 
by a c i d i f i c a t i o n to pH ^5 leads to ό,δ-dimethoxy alkanoic acids (7) . The prod­
ucts can be isolated by extraction of the aqueous solut ion with dichloro-
methane and evaporation of the solvent in a pur i ty of at least 90% (Scheme 7). 
Sc-кгтг 1 
M f9 І 21 ')OH1O M!9 t 
R-C-CH-CH-CRR-COOMer ¿** R-C-CH-CH-CR R-CO Ο H 
I l 5 ЩО I l 5 
Me О R p 3 H ? 5 M e O R 
6e,f. 7e,f. 
A c i d i f i c a t i o n of the reaction mixtures of the saponif ication to lower pH 
(pH<5) results in hydrolysis of the acetal funct ion, y ie ld ing the s-keto 
acids, which can be isolated in a s imi lar way as 7 (Scheme 8 ) . 
Scheme, ί 
Me О RU л R4 
R-¿-CH-CH-CRV-COOH—S—-R-C(OK;H-CH-CR2R1-COOH 
R5 PH<5 R5 MeO 
7e,f. 5e,f. 
DISCUSSION 
I t is generally accepted5»6 that the hydrolysis of orthoesters proceeds in 
three steps, s tar t ing with the acid-catalyzed formation of a dialkoxycarb-
Sc/teme. 9 
OR' © OR' OR' о 
R-C^-OR' ^— R-С'Ф* HOR' ^&- R-C-OH - R ¿-OR' + ROH 
OR OR OR 
A В 
ΙΟΙ 
oni'um ion (A, Scheme 9). 
Both intermediates have recently been detected by several invest igators 7 " 8 . 
Orthoesters containing d i f fe rent alkoxy groups might y ie ld more than one 
product, according to Scheme 10, but such reactions can proceed quite selec-
Schejme. 10 
OMe • 
R C - 0 - C H = C H 2 — ^ R-COOMe or R-COOCH=CH2 
ÒMe MeOH+HOCH-CH2 + 2 MeOH 
tively: e.g. Capon eX al^ found that dimethyl-vinyl orthoesters, RC(0Me)/,0CH= 
CH2 generate only a methyl ester RCOOMe on hydrolysis (Scheme 11). They show-
Schw& / / 
OMe OMe 
R-C-OCHzCHj* H3O ^R-C-OH + HO-CHrCH2 




ed that the vinyloxy group is l iberated as vinyl alcohol. (Below -10 ° C i t i s 
s u f f i c i e n t l y stable to be detected by NMR.) This excludes hydrolysis via 
protonation of an o l e f i n i c carbon atom 1 0 . The high s e l e c t i v i t y of the re­
action was ascribed to the much better leaving-group a b i l i t y of vinyl alco­
hol in comparison with methanol. 
Cyclic orthoesters contain also d i f f e r e n t alkoxy groups; they might y i e l d 
ei ther lactons or open esters. Deslongchamps and coworkers1 1 showed, however, 
that 2,2-dialkoxytetrahydropyrans give only 6-hydroxy ester (V in Scheme 12) 
on hydrolysis. They ascribed the high s e l e c t i v i t y in this case to stereo-
electronic f a c t o r s , which cause a large preference for el imination of the 
axial alkoxy substituent in the f i r s t step. According to th is concept, the 
cleavage of a protonated C-0 bond is accelerated. When the non-bonding elec­
trons on oxygen atoms of the other alkyl groups are anti periplanar. In the 
most stable conformation of I the cleavage of the axial OR-groupis preferred 
because on both other oxygen atoms non-bonding electrons are in ant i-per i -
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planar posi t ion. The incomplete spec i f i c i t y of the reaction1 7 has been ascrib-
ed to the conformational equi l ibr ium, I I I IV, which w i l l cause the forma-
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These data from l i t e r a t u r e do expect that the 2,2-dimethoxy-3,4-dihydropyrans 
(1) used in our study give an open methyl ester as the main product. Both the 
better leaving group a b i l i t y of an alkenyl alcohol in comparison with meth­
anol, and the stereoelectronic e f f e c t w i l l favour ring-opening during the i r 
hydrolysis (and methanolysis). Indeed, this appears the main route, at least 
when the reaction is performed in a homogeneous medium. 
A phÀonJL the se lec t i v i t y of the hydrolysis of (1) might be determined either 
in the f i r s t step, when this step leads to a closed dimethoxy carbonium ion 





by cleavage of the bond a in formula С (Scheme 13) or in the final step, when 
cleavage of the ring occurs in the second intermediate D, formed by primary 
elimination of the axial methoxy group. 
Paying now attention to substituent effects on the hydrolysis of compounds 1, 
we distinguish between compounds containing MeO-substituents (li,j) and com­
pounds containing Me-substituents (lb-h). In the former case the retarding 
effect must be due to the inductive influence of the MeO-group(s) at C(3) on 
the formation of a carbonium ion on C(2). This destabilizing effect will be 
independent of the nature of the carboxonium ion; both the formation of a 
cyclic carboxenium ion by elimination of a MeO-group and the formation of an 
open dimethoxy carbonoxium ion should equally be retarded. Therefore, MeO-
groups at C(3) have no influence on the selectivity of the hydrolysis; li and 
lj give only л-keto esters under all circumstances for reasons given before. 
OMe 
OMe 
The ef fect of Me-substituents depends on t h e i r posi t ion. An Me-group at C(4) 
has v i r t u a l l y no e f f e c t , Me at C(6) is s l i g h t l y retarding, Me-groups at C(5) 
and C(3) cause stronger reductions of the rate of hydrolysis; the compounds 
lg and lh having two methyl substituent at C(3) have a very low r e a c t i v i t y 
in hydrolysis. 
The reaction rate in th is order is accompanied by a decrease of s e l e c t i v i ­
ty in the hydrolysis. Slower reacting compounds y i e l d more of the side-prod-
1 ou 
uct 4. This suggests that the retarding influence concerns only the hydrolyt-
ic ring-opening, which leads to 3, not the hydrolyt ic formation of 4. The ef­
fect of an Me-group at C(5) (and to less degree at C(6)) may then be ascrib­
ed to lowering of the leaving-group a b i l i t y of the alkenyloxy residue in 1. 
The ef fect of Me-groups at C(3) should be due to ster ic hindrance of the 
ring-oxygen in the r i g i d , hal f-chair compound 1. This implied that the selec­
t i v i t y is determined in the rate-determining step of the hydrolysis. 
A remarkable observation is that the loss of s e l e c t i v i t y under the i n ­
fluence of Me-substituents is much more obvious when the hydrolysis are per­
formed in a two-phase system. This might be of synthetic importance, since 
some compounds 1 y i e l d under these circumstances the 3,4-dihydro-a-pyron (4) 
as the main product. 
Because of the low s o l u b i l i t y of 1 in aqueous solution the hydrolysis in 
the two-phase system w i l l mainly occur in the boundary plane between the s o l ­
vents. I t can be supposed that MeO-groups from molecules present in the 
boundary plane st ick out better into the aqueous phase, than the apolar r ing 
moiety. Protonation of MeO-groups, and subsequent loss of these groups, w i l l 
then be faster than protonation of the oxygen atom in the r i n g . 
EXPERIMENTAL 
Boi l ing points are uncorrected. IR-spectra were recorded on a Perkin Elmer 
297 spectrophotometer. Ή NMR-spectra were measured using a Varían T-60, a 
Bruker 90 Mc or a Hitachi Perkin Elmer R-248 spectrometer in CCI,, or CDC13 
solut ion, with tetramethylsilane (5=0) as an internal standard. Mass spectra 
were obtained using a double focussing Varian Associates SMI-B or a Finnigan 
3000 GCMS spectrometer. 
The 2,2-dimethoxy-3,4-dihydropyrans were prepared according to the l i t e r a -
ture l a .b ? ; l ç - 1 1 . 
SyntheA¿& o{¡ tliz 6-ke.to aikanoic methyl utzu (3) 
20 mmoles of the 2,2-dimethoxy-3,4-dihydropyrans (1) are dissolved in 20 
ml of a 1:1 mixture of water and dioxane. For the more apolar compounds I f , 
g,h a 1:9 mixture has been used. The mixture is ac id i f ied (with HCl) to the 
|H+| and l e f t at room temperature for the time given in Table I I . 
I t is then saturated with sodium chloride and extracted several times with 
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dichloromethane. The combined dichloromethane layers are washed with saturat-
ed sodium chloride solution t i l l neutra l , dried over Na2S0i, anhydride and 
concentrated. Further pur i f i ca t ions , when necessary, is possibly by d i s t i l l a -
t ion under reduced pressure. Yields and physical data are given in Table I I I . 
SyntheA¿i of¡ the. 5,6-dímeXlioxy alkanoic methyl ut&u (6) 
10 mmoles of the 2,2-dimethoxy-3,4-dihydropyrans 1 are dissolved in 10 ml 
of dry methanol containing p-toluene sulfonic acid in the concentration men-
tioned in Table V. The mixture is refluxed for the time given in the Table, 
then cooled, neutralized with CaH?, f i l t e r e d and concentrated in vacuo. The 
residue is d i s t i l l e d under reduced pressure. Yields and physical data are 
given in Table IV. 
Rzacttoni in tuio-phcue. ¿yitwi 
To 10 ml of a saturated solut ion of NaCl (or NHt|N03), ac id i f ied to the 
concentration given in Table I I , are added 5 mmoles of a 2,2-dimethoxy-3,4-
dihydropyrans 1, dissolved in 10 ml of dichloromethane. The mixture is s t i r -
red vigorously for 8 hours at room temperature. The dichloromethane layer is 
separated and the water layer extracted twice with dichloromethane. The com-
bined dichloromethane layers are dried with Na?S0it anhydride and concentrat-
ed in vacuo. The composition of the resul t ing mixture is determined from 
the i r 'H NMR-spectra. The results are given in Table I . The spectroscopic 
data of the pyrones 4 have been given in Table I I I . 
The δ,6-dimethoxy methyl esters 6e,f gave on saponif ication and a c i d i f i c a t i o n 
to pH ^5 7e,f (δ,δ-dimethoxy alkanoic acids). 
*H NMR data 7e: (R^R^Me; R^R^R^H) : б 1.13 ( d , J=7, 3H); 1.20 ( s , 3H); 
1.40-1.60 (m, 4H); 2.15-2.50 (m, IH); 3.03 (s, 6H); 11.15 
(s, IH) 
7f: (Ri=R4=Me; R2=R3=R^=H): δ 0.79-1.00 ( b r . d , J=7, 3H); 1.00-
1.26 (dd, J=7, 3H); 1.20-2.10 (m, 3H); 2.25-2.75 (m, IH); 
3.26 (s, 6H); 3.82-4.00 (dd, J=7, IH); 11.50 ( s , IH). 
The δ,δ-dimethoxy methyl esters 6e,f gave on saponif ication and a c i d i f i c a t i o n 
to pH<5 5e,f (δ-keto alkanoic acids). 
!H NMR data 5e: (R^R^Me; R2=R1*=R5=H) : & 1.10 ( d , J=7, 3H); 1.40-2.10 (m, 
3H); 2.10-2.70 (m, 2H); 2.05 ( s , 3H); 11.10 (s, IH) 
5f: (RI=Rlt=Me; R 2 =R3=RS=H) : δ 1.10-1.60 (m, 8H); 2.00-2.50 (m, 
2H); 9.07-9.29 (m, IH); 11.40 ( s , IH). 
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1.23 (d, J=7, 3H); 1.50-2.00 (m, 2H); 2.10-2.70 (m, IH); 5.00-5.30 
(m, IH); 6.30-6.42 (m, IH) 
0.83 (1.30 (dd, J=7, 6H); 2.10-2.60 (m, 2H); 5.20-5.43 (m, IH); 
6.27-6.43 (m, IH) 
1.23 (d, J=7, 3H); 1.50-2.00 (m, 2H); 1.87 (br.s, 3H); 2.10-2.70 
(m, IH); 4.83-5.07 (m, IH) 
1.22 (d, J=7, 3H); 1.65 (s, 3H); 1.60-2.50 (m, 3H); 5.95-6.15 (m, 
IH) 
1.17 (s, 6H); 1.73-1.88 (m, 2H); 4.63-4.83 (m, IH); 6.20-6.72 (m, 
IH) 
1.18 (s, 6H); 1.73-1.88 (m, 5H); 4.63-4.83 (m, IH) 
Table. Il/ каралаЛІ г and physical data o& thz 0, 6-cUmeXhoxy-ρintanoic mzthyl eAtoA (6) {¡ornzd ¿η thz add 











































































































































1.30-2.00-2.60 (m, 6H); 3.17 (s, 6H); 3.55 
(s, ЗН); 4.07-4.40 (t, J=7, IH) 
1.20 (s, ЗН); 1.37-2.00-2.65 (m, 6H); 3.06 
(s, 6H); 3.59 (s, 3H) 
1.15 (d, J=7, 3H); 1.40-1.67 (m, 4H); 2.15-
2.60 (m, IH); 3.15 (s, 6H); 3.60 (s, 3H); 
4.10-4.40 (m, IH) 
0.76-1.20 (dd, J=7,6H); 1.20-2.00 (m, 3H); 
3.20 (s, 6H); 3.62 (s,3H); 4.10-4.57 (m, IH) 
1.13 (d, J=7,3H); 1.20 (s, 3H); 1.40-1.60 (m, 
4H); 2.15-2.50 (m, IH); 3.03 (s, 6H); 3.60(s, 3H) 
0.79-1.00 (br.d,J=7,3H); 1.00-1.26 (dd,J=7, 
3H);1.20-2.10(m, 3H); 2.25-2.75 (m, IH); 3.26 
(S.6H); 3.57 (s, 3H); 3.82-4.00 (dd, J=7, IH) 
1.10 (s, 6H); 1.37-1.49 (m, 4H); 3.16 (s, 
6H); 3.56 (s, 3H); 4.02-4.27 (m, IH) 
0.97 (s, 6H);1.23(s, 3H); 0.90-1.37 (m, 4H); 
2.94 (s, 6H); 3.38 (s, 3H) 
1.15-2.00 (m, 4H); 3.15 (s, 6H); 3.20 (s, 
6H); 3.70 (s, 3H); 4.20 (t, J=7, IH) 
1.10-2.00 (m, 4H); 1.13 (s, 3H); 2.99 (s, 
6H); 3.12 (s, 6H); 3.65 (s, 3H) 
Mass spectra showed M+-H, M+-Me; М+-0Ме for the acetáis and M+-Me, М+-0Ме for the k'etals 
"Kugelrohr d i s t i l l a t i o n . 
SAMENVATTING 
In d i t proefschr i f t z i j n vooral de zuur-gekatalyseerde cycloaddities van ke-
teenacetalen met geconjugeerde carbonylverbindingen bestudeerd. Ineen (2+2)-
cycloaddit ie-reactie kan een geconjugeerde carbonylverbinding reageren met 
de carbonylgroep of de geconjugeerde dubbele band. Daarnaast kan het tota le 
geconjugeerde systeem een (4+2)-cycloadditie ondergaan. 
Een belangrijke doelste l l ing van d i t p r o e f s c h r i f t is het bestuderen van de 
structurele factoren d i e , zowel van keteenacetalen als van geconjugeerde 
carbonylverbindingen, de s e l e c t i v i t e i t in de cycloaddit ie-react ie bepalen. 
Een tweede doelste l l ing is het aantonen van de bruikbaarheid van de verkre­
gen cycloadditieproducten als precursors voor de synthese van andere syste­
men. 
Op de laatste pagina van d i t p r o e f s c h r i f t staat een groot schema, waarin 
het keteenacetaal-molecuul centraal i s . Vanuit het keteenacetaal z i j n de ver­
schillende routes met hun verkregen producten die in de Hoofdstukken I I t/m 
VII z i j n beschreven, schematisch weergegeven. 
In Hoofdstuk I I is beschreven, dat 2,2-dialkoxy-3,4-dihydropyranen onder 
milde omstandigheden (lage temperatuur en onder invloed van ZnCl? als kata­
lysator) in goede opbrengst verkregen kunnen worden u i t de reactie van ke­
teenacetalen en α,β-onverzadigde carbonylverbindingen. De reactie tussen ke­
teenacetalen en u,ß-onverzadigde carbonylverbindingen verloopt b i j lage tem-
peraturen ( t <-20 °C) als een (2+2)-cycloaddit ie-react ie to t de vorming van 
oxetanen. Deze kunnen na het neutraliseren van de katalysator soms geïsoleerd 
worden. B i j hoge temperaturen ontleden de oxetanen echter weer in de u i t -
gangsstoffen die verder kunnen reageren to t de thermodynamisch stabielere 
3,4-dihydropyranen (Hoofdstuk I I , Schema 3). 
De cycloaddities van tetramethoxyetheen met α,β-onverzadigde carbonylver­
bindingen die geen substituenten op het ß-koolstofatoom bezi t ten, leiden b i j 
lage temperatuur to t de vorming van een cyclobutaan als het kinetisch bepaal-
de product (Hoofdstuk I I , Schema 4). 
In de cycloaddities van α,Β-onverzadigde esters met keteenacetalen is d i t 
het eindproduct. Het cycloadditiegedrag van de keteenacetalen wordt verklaard 
met behulp van de "Frontier Orbi ta l"- theor ie. Daarbij wordt o.a. gekeken naar 
de symmetrie van de ττ-electronenverdeling in het keteenacetaal R1R?C=C(0Me)^. 
Deze neemt af in de reeksR1, R2=0Me, 0Me>H, 0Me>Me, Me>Me, H>H, H; H, Cl . 
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In Hoofdstuk I I I z i j n de cycloaddit ie-reacties beschreven van een systema­
tisch keteenacetaal; tetramethoxyetheen en een ni et-symmetrisch keteenacetaal, 
1,1-dimethoxypropeen met a-diketonen. In het algemeen geeft 1,1-dimethoxy-
propeen alleen de (2+2)-cycloadducten, oxetanen en bisoxetanen. De (4+2)-cy-
cloadditieproducten, dihydrodioxinen, b l i j k e n vanwege hun thermodynamische 
i n s t a b i l i t e i t n iet gevormd te worden (Hoofdstuk I I I , Schema 1). 
Tetramethoxyetheen geeft zowel (2+2)- als (4+2)-cycloadditieproducten. De 
(4+2)-cycloadditieproducten worden alleen dan gevonden, wanneer de reactie 
gepaard gaat met een s t a b i l i s a t i e van de gevormde dubbele binding (conjuga­
t i e (Hoofdstuk I I I , Schema 7). 
Het verschil tussen tetramethoxyetheen en 1,1-dimethoxypropeen kon aan 
de lage π-bindingsenergie van tetramethoxyetheen worden toegeschreven. 
De cycloaddities van 1,1-dimethoxypropeen en tetramethoxyetheen met ß,ß-di-
cyano-a,ß-onverzadigde ketonen - beschreven in Hoofdstuk IV - geven zowel 
(2+2)- als (4+2)-cycloadducten (Hoofdstuk IV, Schema 3). 
In het geval van PhC(0)-C(Ph)=C(CN)2 met MeCH=C(0Me)2 en van R3-C(0)-C(R4) = 
C(CN)2, (R3, R"'=naphthyl ) met beide keteenacetalen ontstaan alleen cyclobu-
tanen. Met ZnCl2 als katalysator wordt echter in het laatste geval een oxe-
taan verkregen. 
B i j hogere temperaturen worden de thermodynamisch stabielere (4+2)-cyclo-
adducten gevormd, behalve in het geval van de "compound"*, waarin de carbon-
ylgroep deel uitmaakt van een amidefunctie (Hoofdstuk IV, Schema 4) . 
B i j al deze reacties is een hoge reg iose lec t i v i te i t gevonden. Deze b l i j k t 
analoog, zoals in het geval van eenvoudige α,β-onverzadigde carbonylsystemen. 
De invloed van de dicyanoetheenfunctie, waarvan de r e a c t i v i t e i t in de l i t e ­
ratuur analoog gesteld wordt met een zuurstofatoom, is vergeleken met de in 
de Hoofdstukken I I en I I I gevonden resultaten. 
De reacties van epoxiden met keteenacetalen, zoals in Hoofdstuk V is beschre­
ven, leiden - onder invloed van ZnCl2 als katalysator - t o t 2,2-dialkoxy-




Door gebruik te maken van eenvoudige reacties kunnen 2,2-dialkoxytetrahydro-
furanen in γ-butyrolactonen, 2-[5H]-furanonen en 2-alkoxy-4,5-dihydrofuranen 
worden omgezet (Hoofdstuk V, Schema's 2, 3, 4 en 5). 
Hoofdstuk VI geeft de reacties van 2-methoxy-5,6-dihydropyranen en 2-
methoxy-|4H|-pyranen die afgeleid z i j n van de in Hoofdstuk I I gesynthetiseer­
de 2,2-dimethoxy-3,4-dihydropyranen, met een groot aantal electronen-arme 
olef inen. In beide gevallen worden de cyclobutanen in een evenwichtsreactie 
gevormd, behalve als sterische hindering d i t belemmert (Hoofdstuk V I , 
Schema's 3 en 4). 
In het algemeen geven de 2-methoxy-[4]-pyranen u i t e i n d e l i j k via een af­
lopende reactie de thermodynamische stabielere heptadiënen carbonzure esters 
(Hoofdstuk V I , Schema 4). 
Bi j het aanwezig z i j n van een substituent (methyl, a lky l ) op koolstof-
atoom C(6) wordt echter een a-pyron gevormd als deze verbindingen reageren 
met sterke electronenzuigende o lef inen, die met 3 of meer electronenzuigende 
groepen gesubstitueerd z i j n (Hoofdstuk V I , Schema 5). 
Deze reacties worden verondersteld te verlopen via de abstractie van een 
hydride-ion van koolstofatoom C(4) in een snelheidsbepalende stap, waarbij 
een pyrylium ion ontstaat (Hoofdstuk V I , Schema 6). 
Het verdere verloop van de reacties wordt door het substi tut iepatroon van 
het 2-methoxy-[4]-pyran en door het karakter van het nucleofiel bepaald, dat 
wordt gevormd door addi t ie van het hydride-ion aan het electronen-arme ole-
f ine (Hoofdstuk V I , Schema 7). 
In Hoofdstuk VII z i j n de hydrolyse-en methanolyse-reacties van 2,2-dimethoxy-
3,4-dihydropyranen, die in Hoofdstuk I I gesynthetiseerd z i j n , bestudeerd. 
De reactie wordt vertraagd door zowel methylsubstituenten op de 3- , 5- en 
6-plaats, alsook door methoxysubstituenten op de 3-plaats. Het vertragend ef-
fect van de methoxysubstituenten berust op een induct ief electronenzuigend 
effect van de methoxygroepen. De methylsubstituenten vertragen n iet alleen 
de react ie, maar beïnvloeden óók de productvorming. Door de sterische hinde-
ring van de methylsubstituenten op de 3- en 6-plaats verandert de product-
vorming ten gunste van het gesloten 3,4-dihydro-a-pyron. Di t gebeurt ook door 
methylsubstituenten aan de dubbele band die het "leaving group"-karakter van 
de "alkenyloxy group" verminderen. Bovengenoemde effecten worden versterkt 
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door de reactie u i t te voeren in een 2-fase systeem, omdat de reactie nu in 
de grenslaag plaatsvindt. 
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